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FOREWORD 

This annual  r e p o r t  summarizes t h e  r e p o r t s  publ ished 

and t h e  s p e c i a l  t a s k s  performed by t h e  Ast ro  Sciences Center  

of  I I T  Research I n s t i t u t e  during t h e  12 month per iod  from 

J u l y  1965 t o  June 1966. A t o t a l  o f  e igh teen  r e p o r t s  o r  tech-  

n i c a l  memoranda a r e  summarized t o g e t h e r  w i t h  a d e s c r i p t i o n  of  

t e c h n i c a l  no te s  on which formal r e p o r t s  have no t  been w r i t t e n .  

The work has been performed under NASA Cont rac t  NASr-65(06). 
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1 -  
Report N o .  A-3 

THIRD ANNUAL SUMMARY REPORT 

1. INTRODUCTION 

The As t ro  Sc iences  C e n t e r  of I I T  Research I n s t i t u t e  

(ASC/IITRI) has been engaged i n  a c o n t i n u i n g  program of r e s e a r c h ,  

s t u d y ,  and a n a l y s i s  f o r  t h e  Lunar and P lane ta ry  Programs 

Div i s ion  under Con t rac t  No. NASr-65(06). 

i n i t i a t e d  on March 1, 1963 and has been renewed on December 1, 

1963, January  1, 1965 and November 1, 1965. The f irst  annual  

summary r e p o r t ,  A - 1 ,  presen ted  t h e  accomplishments of work per- 

formed t o  September 1964, t h e  second, A - 2 ,  presen ted  t h e  accom- 

p l i shments  of  work performed t o  J u l y  1965. 

t h e  p e r i o d  from J u l y  1965 t o  J u n e  1966 dur ing  which 144 man 

months of e f f o r t  were expended. 

This  program was 

This  r e p o r t  covers  

The program has  provided t e c h n i c a l  in format ion  , data  

and methodologies ,  of a n  a p p r o p r i a t e  depth  and b read th ,  i n  

suppor t  of t h e  p lanning  requirements  o f  t h e  NASA. The a r e a s  of 

s t u d y  necessary  t o  meet t h e  broad o b j e c t i v e s  of p lanning  suppor t  

a r e  de f ined  i n  t h e  c o n t r a c t  a s :  

I I T  R E S E A R C H  I N S I I T U T E  
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a. 

b. 

C .  

d.  

Evalua t ion  o f  methods f o r  e s t i m a t i n g  t h e  c o s t  
o f  f u t u r e  s p a c e c r a f t .  

Analyses of mission requirements  for e x p l o r a t i o n  
of  t h e  s o l a r  system. 

Determination o f  p r o b a b i l i t y  o f  mission success  
by a n a l y s i s  and e v a l u a t i o n  of e x i s t i n g  and 
planned launch v e h i c l e s ,  s p a c e c r a f t  maneuvers 
f o r  v a r i o u s  missions,  and r e l i a b i l i t y  of space- 
c r a f t  systems and subsystems. 

Re-evaluat ion of t h e  s c i e n t i f i c  o b j e c t i v e s  and 
key elements of a long-range p lan  f o r  t he  manned 
and unmanned exp lo ra t ion  of t h e  s o l a r  system. 

While t h e  ongoing a c t i v i t i e s  of A S C / I I T R I  are repor t ed  

t o  Lunar and P l a n e t a r y  Programs Divis ion  i n  monthly p rogres s  

r e p o r t s  and a t  r e g u l a r l y  scheduled review and p lanning  meetings 

t h e  more t a n g i b l e  ou tpu t  i s  i n  t h e  form of technical r e p o r t s ,  

For t h e  1 2  month pe r iod  repor ted  h e r e  a t o t a l  of 25 r e p o r t s  

and documents have been submitted.  Of t h e s e  13 w i l l  be  in- 

cluded i n  S c i e n t i f i c  and Technical Aerospace Reports  (STAR). 

Summaries of t h e s e  r e p o r t s  and o f  f i v e  t e c h n i c a l  memoranda are 

given i n  Sec t ion  2. Sect ion 3 summarizes t e c h n i c a l  no te s  t h a t  

have been performed but f o r  which no formal r e p o r t s  have been 

w r i t t e n .  Sec t ion  4 o u t l i n e s  the  e f f o r t s  on two s p e c i a l  s t u d i e s  

which have been undertaken by A S C / I I T R I .  S e c t i o n  5 l i s t s  t h e  

papers  publ i shed  and presented as a r e s u l t  of work performed 

under t h i s  c o n t r a c t .  F i n a l l y  S e c t i o n  6 i s  a bib l iography of 

the  r e p o r t s  and t e c h n i c a l  memoranda publ ished under t h i s  con- 

t r a c t  s i n c e  i ts  incep t ion .  

I l l  R E S E A R C H  I N S T I T U T E  
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2. SUMMARY OF REPORTS PUBLISHED JULY 1965-JUNE 1966 

The f o u r  s tudy  a r e a s  l i s t e d  above have been subdiv ided  

i n t o  s u b j e c t  categories. A l l  r e p o r t s  are i d e n t i f i e d  by t h e  

code le t ter ,  i n d i c a t i n g  t e c h n i c a l  a r e a s ,  and by a s e q u e n t i a l  

number r e f l e c t i n g  t h e  o r d e r  of submission.  

The e i g h t  r e p o r t  categories a r e  a s  follows: 

A - Annual Summary Reports  
C - Cost Es t imat ion  Methods 
M - Mission Programming 
P - Objec t ives  of Advanced Missions 
R - Success P r o b a b i l i t y  Determinat ions 
S - Spacec ra f t  Technology 
T - General T r a j e c t o r y  S t u d i e s  
W - P r o j e c t  Scheduling 

An i n d i v i d u a l  document i n  each of t h e s e  c a t e g o r i e s  

may b e  pub l i shed  a s  a r e p o r t ,  a d i g e s t  r e p o r t  o r  a t e c h n i c a l  

memorandum. Reports  p r e s e n t  t h e  r e s u l t s  of major s t u d i e s ,  

d i g e s t  r e p o r t s  a r e  summaries o r  condensa t ions  of r e p o r t s ,  and 

t e c h n i c a l  memoranda inc lude  t h e  r e s u l t s  of s t u d i e s  i n  narrow 

t e c h n i c a l  a r e a s ,  i n t e r i m  r e p o r t s  and o t h e r  documents i nvo lv ing  

very  l i m i t e d  d i s t r i b u t i o n .  These  r e p o r t  t ypes  a r e  d i s c u s s e d  

t o g e t h e r  w i t h  t h e  d i s t r i b u t i o n  l i s t s  i n  Appendix 1. 

I l l  R E S E A R C H  I N S T I T U T E  
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2 . 1  Reports  

Report  C-6 

"Spacecraf t  Cost Est imat ion" 

W .  P. Finnegan and C. A .  Stone 

May 1966 

R e l i a b l e  c o s t  e s t i m a t e s  of  f u t u r e  space  programs a r e  

needed t o  se lec t  optimum space e x p l o r a t i o n  p l ans  f o r  program 

approva l  and f o r  s a t i s f a c t o r y  budget ing and management. 

s t u d y  w a s  undertaken t o  e s t a b l i s h  t h e  r e l a t i v e  cost  s i g n i f i c a n c e  

of s p a c e c r a f t  subsystems and t o  f u r t h e r  i n v e s t i g a t e  t h e  accuracy 

of a l i n e a r  model f o r  p r e d i c t i n g  f u t u r e  s p a c e c r a f t  costs.  

Th i s  

As a r e s u l t  of t h i s  i n v e s t i g a t i o n ,  t h e  r e l a t ive  c o s t  

s i g n i f i c a n c e  of t h e  s p a c e c r a f t  subsystems i n  a l i n e a r  r e g r e s s i o n  

model w a s  e s t a b l i s h e d .  Telecommunications and d a t a  handl ing  i s  

t h e  most impor tan t  s i n g l e  f a c t o r ,  bu t  s t r u c t u r e  and p ropu l s ion  

a re  a l so  s i g n i f i c a n t .  Based on t h i s  a n a l y s i s ,  an improved 

c o s t  e s t i m a t i o n  equa t ion  w a s  developed. E r r o r s  of 50% o r  less 

w i t h  90% p r o b a b i l i t y  and e r r o r s  o f  25% o r  less wi th  60% prob- 

a b i l i t y  can be expec ted .  The model can  e a s i l y  provide  cost  

e s t i m a t e s  f o r  long-range planning purposes  by us ing  program 

l e v e l  i n fo rma t ion ;  i t  can a l so  serve a s  a check on m o r e  

d e t a i l e d  e s t i m a t e s .  

Th i s  c o s t  e s t i m a t i o n  e q u a t i o n ,  as w e l l  a s  prev ious  

e d i t i o n s ,  was developed t o  p r e d i c t  on ly  t h e  c o s t  r e l a t e d  t o  

f a b r i c a t i n g  a s p a c e c r a f t  w i t h  i t s  s c i e n t i f i c  payload. The 

e q u a t i o n  does no t  p r e d i c t  c o s t s  r e l a t e d  t o  launch v e h i c l e s ,  
I I T  RESEARCH I N S T I I U ' I E  
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Rep o r  t C - 6 

o p e r a t i o n a l  suppor t ,  miss ion  ground suppor t  equipment, and d a t a  

a n a l y s i s ;  n e v e r t h e l e s s ,  i t  c a n  be coupled w i t h  proven e s t i m a t i o n  

t echn iques  for  such categories t o  provide t o t a l  c o s t  e s t i m a t e s  

for future programs. 

Once t o t a l  cost  e s t i m a t e s  are e s t a b l i s h e d ,  t hey  can be 

u t i l i z e d  t o  determine t h e  c o s t - e f f e c t i v e n e s s  of f u t u r e  miss ions ,  

and long-range p l anne r s  c a n  eva lua te  t h e  mix o f  miss ions  f o r  

t h e  e x p l o r a t i o n  of space wi th in  g iven  budget c o n s t r a i n t s .  I n  

a d d i t i o n ,  t h e s e  t o t a l  c o s t  e s t i m a t e s  can provide reasonable  

e s t i m a t e s  f o r  budget requirements  and, when used i n  con junc t ion  

w i t h  c o s t  p r o f i l e  t echn iques ,  p e r m i t  cost  p l anne r s  t o  budget 

i n d i v i d u a l  program c o s t s  on a y e a r l y  b a s i s .  

I l T  R E S E A R C H  I N S T I T U T E  
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Report C-7 

"Spacecraf t  Program Cost Es t imat ing  Manual" 

W .  P. Finnegan and C. A. Stone 

May 1966 

kn equat ion  f o r  e s t ima t ing  program c o s t s  for  des ign ,  

development and manufacture of s p a c e c r a f t  has been e m p i r i c a l l y  

developed based on t h e  number of complete s p a c e c r a f t  ( f u l l  

p ro to types ,  f l i g h t  spa res  and f l i g h t  models) and t h e  weights  

of t h r e e  spacec ra f t  s u b s y s  tems (telecommunications and da ta  

handl ing ,  s t r u c t u r e ,  and propuls ion) .  The accuracy of  pred ic-  

t i o n  i s ,  of course ,  i n  p a r t  dependent upon t h e  q u a l i t y  of t h e  

i n p u t  d a t a  but  r o o t  mean square e r r o r s  of  less than  + 30 per- 

c e n t  have been demonstrated using program l e v e l  information.  

D e t a i l s  concerning t h e  development of  t h e  model, r e l a t i v e  sig- 

n i f i c a n c e  of t h e  subsys t ems ,  programs on which t h e  model i s  

based, e t c . ,  are conta ined  i n  ASC/IITRI r e p o r t s  (Beverly and 

Stone 1964*, Finnegan and Stone 1966**) f o r  t h e  Lunar and 

- 

Plane ta ry  Programs O f f i c e ,  OSSA. 

The c o s t  e s t ima t ion  method i s  intended for u s e  i n  long 

range planning and t h i s  report  summarizes d e f i n i t i o n s ,  p r e s e n t s  

examples and supp l i e s  g raph ica l  a i d s  f o r  u t i l i z i n g  t h e  equat ion  

developed.  

ikBeverly, J.  E. and C. A .  Stone, 1964, Progress  on Spacec ra f t  
C o s t  Es t imat ion  S tud ie s ,  ASC/IITRI Report C-4. 

Es t imat ion ,  A S C / I I T R I  Report No. C-6. 
$c*Finnegan, W. P. and C .  A .  Stone, 1966, Spacec ra f t  Cost 

I I T  R E S E A R C H  I N S l l l U l E  
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Report M-9 

"Missions t o  t h e  Comets" 

F. Narin,  D L. Roberts,  and 

December 1965 

P. M. P i e r c e  

NASA STAR N66-15978 

This r e p o r t  i s  a d i g e s t  o f  s x s t r o  Sciences Center /  

IIT Research I n s t i t u t e  r e p o r t s  cover ing  t h e  g e n e r a l  a r e a  of p re -  

l imina ry  s e l e c t i o n  and assessment of missions t o  comets i n  t h e  

yea r s  1965-1986. 

unmanned s c i e n t i f i c  missions t o  well-known shor t -pe r iod  comets 

and t o  new comets. These r e p o r t s  lead t o  t h e  fo l lowing  conclu-  

s i o n s .  Oppor tuni t ies  f o r  missions t o  shor t -per iod  comets occur 

a t  an average r a t e  of one pe r  yea r ;  about one i n  f o u r  of t h e s e  

i s  p a r t i c u l a r l y  a t t r a c t i v e .  If a comet d e t e c t i o n  network and 

a quick-response launch f a c i l i t y  a r e  a v a i l a b l e  i n  t h e  f u t u r e ,  

n e a r l y  one new comet mission p e r  year  would be f e a s i b l e .  

m o s t  c a ses  a launch v e h i c l e  of t h e  Atlas-Centaur  class would be 

adequate .  For almost a l l  missions t h e  fundamental experiments 

would be measurements of charged p a r t i c l e s ,  d u s t ,  and magnetic 

f i e l d  i n  t h e  comet coma and t a i l ,  t o g e t h e r  w i t h  measurements 

aimed a t  determining t h e  p r o p e r t i e s  of t h e  comet n u c l e u s .  For 

more d e t a i l e d  t rea tment  of comet missions t h e  r eade r  i s  r e f e r r e d  

t o  our  Reports  No. M-7, P - 3 ,  P-9, T-7, T-11  and T-13. 

These r e p o r t s  cons ider  t h e  f e a s i b i l i t y  of 

I n  

I I T  R E S E A R C H  I N S I I I U T E  
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Report M - 1 1  

"A Survey o f  Missions t o  Sa tu rn ,  Uranus, Neptune 
and Pluto" 

P. Dickerman, A. Fr ied lande r ,  F. Narin,  J. C. Niehoff ,  
P. M. P i e r c e ,  D. L. Roberts ,  M. S t e i n  

June  1966 ( i n  p u b l i c a t i o n )  

A survey has been conducted of missions t o  Sa tu rn ,  

Uranus, Neptune and P l u t o .  Because t h e s e  p l a n e t s  a r e  so d i f -  

f e r e n t  from t h e  more f a m i l i a r  t e r r e s t r i a l  p l a n e t s  such miss ions  

w i l l  be o f  cons ide rab le  s c i e n t i f i c  i n t e r e s t .  

p a r t i c u l a r l y  t h e  atmospheric  composition, h e a t  ba lance  and 

i n t e r n a l  s t r u c t u r e  d a t a ,  w i l l  throw s i g n i f i c a n t  l i g h t  on t h e  

o r i g i n  and e v o l u t i o n  of t h e  p l a n e t a r y  system as w e l l  as be of 

i n t e r e s t  p e r  se. 

be s a t i s f a c t o r y  for loose p l a n e t a r y  o r b i t e r s ,  except  for Pluto.  

F l i g h t  t i m e s  range from 2.5 t o  10 yea r s  for  600 t o  2000 l b  

loose  o r b i t e r s  t o  Sa tu rn ,  U r a n u s  and Neptune. 

mode of  f l i g h t  should be used, i n  yea r s  when i t  i s  p o s s i b l e ,  

f o r  f l y b y  miss ions .  The nex t  launch o p p o r t u n i t i e s  fo r  some 

The d a t a  ob ta ined ,  

A d i r e c t  b a l l i s t i c  mode of f l i g h t  appears  t o  

A g r a v i t y  assist 

g r a v i t y  assist  missions are: 

E a r t h / J u p i t e r / S a t u r n  1976-1978, t hen  i n  1996 
E a r t h l J u p i t e r l U r a n u s  1978-1980, then  i n  1992 
Ear th / Jup i t e r /Nep tune  1979-1981, t hen  i n  1992 
E a r t h / J u p i t e r / P l u t o  1976-1978, then  i n  1989 

I n  years when g r a v i t y  a s s i s t  is n o t  p o s s i b l e ,  o r  i f  t h e  guidance 

requirements  a r e  t o o  h igh  f o r  g r a v i t y  a s s i s t e d  f l i g h t s ,  d i r e c t  

b a l l i s t i c  f l i g h t s  w i l l  be s a t i s f a c t o r y .  For nea r  p l a n e t  

I l l  R E S E A R C H  I N S T I T U T E  
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Report  M-11 

c i r c u l a r  o r b i t e r s  a nuc lea r  electric low t h r u s t  mission mode 

becomes a t t r a c t i v e .  Missions t o  each of t h e  p l a n e t s  are q u i t e  

similar; a b a s i c  s c i ence  payload of 85 l b  and t o t a l  payload of 

t h e  o r d e r  of 1000 l b  can be used for a l l  t h e  p l a n e t s .  

power requirements  can be s a t i s f i e d  wi th  an RTG supply of less 

than  100 w a t t s  of u s e f u l  power. A b i t  rate of 20 b i t s / s e c  and 

t h e  antenna diameter  of no more than 15 f e e t  appears  s a t i s f a c -  

t o r y .  

appears  t o  be w e l l  w i t h i n  t h e  s ta te  of t h e  a r t ;  for i n i t i a l  

f l y b y  f l i g h t s  a m i s s  d i s t a n c e  o f  3 o r  more p l a n e t  r a d i i ,  w i t h  

an  u n c e r t a i n t y  of 1 p l a n e t  r a d i u s ,  appears  t o  be s a t i s f a c t o r y .  

Guidance requirements  f o r  g r a v i t y  assist f l i g h t s  may be q u i t e  

s t r i n g e n t .  

The 

The guidance requirements  for d i r e c t  f l y b y  f l i g h t s  

Both f lyby  and orbi ter  missions shou ld  be performed, 

fol lowed by atmospheric  probes and perhaps l ande r s .  

s i v e  program of  f lyby  f l i g h t s  is no t  recommended, because t h e  

d a t a  a t t a i n a b l e  f r o m  f lyby  missions i s  l i m i t e d  i n  comparison 

t o  t h a t  provided by o r b i t e r s .  

An exten-  

I l l  R E S E A R C H  1 N S ’ I I l U l E  
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Report M - 1 2  

A Survey of  Mult iple  Missions Using Gravi ty-Assis ted 11 

T r a j e c t o r i e s "  

J. C. Niehoff 

A p r i l  1966 

Over t h e  p a s t  s e v e r a l  yea r s  a number of gene ra l  s t u d i e s  

have been performed t o  i n v e s t i g a t e  t h e  advantages of g r a v i t y -  

a s s i s t e d  t r a j e c t o r i e s  i n  s o l a r  s y s t e m  exp lo ra t ion .  Resu l t s  of 

t h e s e  s t u d i e s  cont inue  t o  i n d i c a t e  some s i g n i f i c a n t  improvements 

over  d i r e c t  t r a j e c t o r i e s .  Very few s t u d i e s ,  however, have been 

concerned w i t h  t h e  p r a c t i c a l  a p p l i c a t i o n  of g r a v i t y  assist t o  

s p e c i f i c  missions.  

Thus t h e  o b j e c t i v e s  of t h i s  survey w e r e  t o  b r i e f l y  

ana lyze  g r a v i t y - a s s i s t e d  mul t ip le  missions t o  a number of 

s p e c i f i c  s o l a r  s y s t e m  t a r g e t s  and t o  recommend f o r  f u r t h e r  

a n a l y s i s  those  missions t h a t  have p r a c t i c a l  advantages over  

d i r e c t  missions t o  t h e  same t a r g e t s .  The scope of t h e  survey 

inc luded  Venus-assis ted missions t o  Mercury, s e v e r a l  ou te r -  

p l a n e t  g r a v i t y - a s s i s t e d  missions,  o u t - o f - t h e - e c l i p t i c  miss ions ,  

s o l a r  probes ,  reconnaissance (Ea r th  r e t u r n )  miss ions ,  g r a v i t y  

ass is t  t o  t h e  a s t e r o i d s  (as a group and i n d i v i d u a l l y ) ,  and 

comet rendezvous miss ions .  I n  a d d i t i o n ,  s a t e l l i t e  g r a v i t y  

a s s i s t  f o r  o r b i t a l  maneuvers was a s ses sed .  

S ix  recommended m u l t i p l e  missions a r e  reviewed i n  t h e  

summary t a b l e .  

r ece ived  some a t t e n t i o n .  Recent t r a j e c t o r y  s t u d i e s  i n d i c a t e ,  

The Earth-Venus-Mercury mission has a l r eady  

I l l  R E S E A R C H  I N S T I I U T E  
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Report M-12 

however, t h a t  on ly  two good o p p o r t u n i t i e s  for such a miss ion  

ex i s t  between now and 1981. Fur the r  s t u d y  i s  recommended t o  

de termine  t h e  c o n s t r a i n t s  imposed by t h i s  mission on a Venus 

f l y b y  i n  1970 o r  1973, e s p e c i a l l y  i f  Venus drop sondes for  

a tmospher ic  experiments  are planned. 

D e t a i l e d  g r a v i t y - a s s i s t  o u t e r - p l a n e t  mission s t u d i e s  

Advanced planning of p l a n e t a r y  e x p l o r a t i o n  are  needed soon. 

i n d i c a t e s  t h a t  t h e  f i r s t  ex tens ive  u s e  of g r a v i t y - a s s i s t e d  

t r a j e c t o r i e s  w i l l  be made for  t h e s e  miss ions .  

Earth-Jupiter-Saturn-Uranus-Neptune "Grand Tour" i s  recommended 

s i n c e  it t y p i f i e s  t h e s e  miss ions .  

Study of t h e  

Moderate-energy, 90" o u t - o f - t h e - e c l i p t i c  missions wi th  

a J u p i t e r  assist w i l l  p rovide  i n t e r p l a n e t a r y  da t a  a t  a l l  solar 

l a t i t u d e s .  A s tudy  of t h e  p r a c t i c a l  v a l u e  of t h i s  mission is  

recommended a s  a secondary o b j e c t i v e  t o  e a r l y  J u p i t e r  f l y b y s .  

A d d i t i o n a l  o b j e c t i v e s  f o r  s i m i l a r  follow-on miss ions  should  

a l s o  be eva lua ted .  

S o l a r  probes down t o  0.1 AU us ing  s i n g l e  o r  m u l t i p l e  

Venus assists combine a number of u s e f u l  o b j e c t i v e s  i n t o  one 

miss ion .  For f u r t h e r  reduct ions  i n  p e r i h e l i a ,  J u p i t e r  assists 

a r e  recommended. Mission s t u d i e s  should  focus  on s p a c e c r a f t  

des ign  problems due t o  l a r g e  environment v a r i a t i o n s  between 

5 AU and t h e  s o l a r  surface. 

F i n a l l y ,  as a precur so r  miss ion  t o  o u t e r - p l a n e t  ex- 

p l o r a t i o n ,  a Mars -as s i s t ed  a s t e r o i d  f ly - th rough  i s  recommended. 

I I T  R E S E A R C H  I N S I I I U T E  
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Report  M-12 

A t t e n t i o n  t o  development time and t h e  p r a c t i c a l i t y  of  such a 

t e s t  f l i g h t  a r e  needed. 

I n  a d d i t i o n  t o  t h e  s p e c i f i c  a r e a s  of a n a l y s i s  suggested 

f o r  each of  t h e s e  missions genera l  problems concerning space-  

c r a f t  des ign  c o n s t r a i n t s ,  encounter  p r o f i l e s ,  guidance and 

c o n t r o l  requirements ,  and launch window d e f i n i t i o n  should be 

considered.  Two m u l t i p l e  missions a r e  no t  suggested f o r  

f u r t h e r  cons ide ra t ion  a t  t h i s  t i m e :  rendezvous missions (low 

hyperbol ic  approach v e l o c i t i e s ,  VHP) t o  i n d i v i d u a l  a s t e r o i d s  

o r  t o  t h e  comets i n  which Mars o r  J u p i t e r  g r a v i t y  a s s i s t  i s  

used. I n s t e a d ,  f u r t h e r  a n a l y s i s  o f  non-minimum energy d i r e c t  

t r a j e c t o r i e s  w i th  minimized VHPs i s  needed. Some b r i e f  con- 

s i d e r a t i o n s  of  g r a v i t y  a s s i s t  f o r  rendezvous a r e ,  however, 

p re sen ted .  

I I T  R E S E A R C H  I N S l l l U T E  
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Report P-7 

" S c i e n t i f i c  Object ives  of  Deep Space I n v e s t i g a t i o n s  - 
Venus 'I 

P. J. Dickerman 

June 1966 

A review o f  our  present  knowledge of Venus sugges ts  

t h a t  i t  i s  a s c i e n t i f i c a l l y  i n t e r e s t i n g  p l a n e t  f o r  e a r l y  d e t a i l e d  

e x p l o r a t i o n  by a space probe. 

of reasons ,  but  a r i s e s  p r imar i ly  because of  t h e  appa ren t ly  

t o t a l l y  d i f f e r e n t  n a t u r e  of i t s  atmosphere a s  compared t o  those  

of Mars and Ea r th ,  our l a c k  of understanding of  t h e  atmosphere 

and s u r f a c e  c o n d i t i o n s ,  and t h e  c o n t r o v e r s i e s  due t o  c o n f l i c t i n g  

d a t a .  N o  s i n g l e  a r e a  of s tudy  has  y e t  been i n v e s t i g a t e d  com- 

The i n t e r e s t  i s  due t o  a v a r i e t y  

p l e t e l y ,  so t h a t  much a d d i t i o n a l  da t a  a r e  r equ i r ed  t o  complete 

our understanding of t h i s  p l ane t .  

A g e n e r a l  d e s c r i p t i o n  o f  Venus based on resu l t s  of  p a s t  

experiments  can be summarized b r i e f l y  i n  t h e  fol lowing s t a t e -  

men t s .  The p l a n e t  is  very  s i m i l a r  t o  t h e  Ea r th  i n  mass, s i z e ,  

and d e n s i t y ,  so much so  t h a t  i t  can be made t o  f i t  a lmost  any 

theory  f o r  t h e  i n t e r i o r  s t r u c t u r e  of t h e  Ea r th .  It i s  widely 

he ld  t h a t  Venus i s  chemical ly  equ iva len t  t o  t h e  E a r t h ,  having 

a d i s t i n c t  i r o n - r i c h  core w i t h  a c e n t r a l  p re s su re  of  roughly 

one megabar. The s u r f a c e  seems t o  be a t  a temperature  of 

700"K, with  a p re s su re  exceeding 10 a t m  and p o s s i b l y  reaching  

100 atrn. Any l i q u i d  a r e a s  t h a t  do e x i s t  a r e  probably s m a l l ,  

and may be expected t o  be tu rbu len t  oceans of hydrocarbons.  
t l T  R E S E A R C H  I N S I I T U T E  
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Rep o r  t P - 7 

C 0 2  i s  t h e  on ly  atmospheric  c o n s t i t u e n t  whose i d e n t i f i c a t i o n  

i s  a t  p r e s e n t  undisputed,  bu t  it a p p a r e n t l y  comprises less t h a n  

10 p e r c e n t  of t h e  atmosphere. Disputed i d e n t i f i c a t i o n s  have 

been made fo r  02, N 2 ,  H 2 0 ,  H2C0 and CO. 

o b t a i n e d  i n  sea rches  f o r  N 2 0 ,  CH4, C2H6, and MI3. 

t i o n  of t h e  c louds  is  unknown; t h e  m o s t  t h a t  can be s a i d  i s  t h a t  

Negative r e s u l t s  w e r e  

The composi- 

t h e  upper p o r t i o n s  c o n s i s t  of f i n e  d r o p l e t s  or d u s t .  I f  Venus 

has a magnetic d i p o l e  f i e l d ,  t he  d i p l e  moment i s  less than  0 . 1  

t h a t  o f  t h e  E a r t h ' s .  The e x i s t e n c e  o f  Venusian charged 

p a r t i c l e  r a d i a t i o n  b e l t s  i s  unce r t a in .  

A d e t a i l e d  e v a l u a t i o n  o f  t h i s  c u r r e n t  knowledge i n d i -  

cates t h a t  answers must s t i l l  be found fo r  a g r e a t  many ques t ions .  

These answers are of importance beyond t h e  a d d i t i o n s  they  would 

provide  t o  o u r  p r e s e n t  knowledge o f  Venus. I n  p a r t i c u l a r ,  

s t u d i e s  of  t h e  very  dense atmosphere may l e a d  t o  a b e t t e r  under- 

s t a n d i n g  o f  t h e  e v o l u t i o n  o f  p l ane ta ry  atmospheres and p l a n e t a r y  

phys ic s  i n  g e n e r a l .  F u r t h e r ,  d e s p i t e  t h e  apparent  extreme s u r -  

face c o n d i t i o n s ,  Venus i s  s t i l l  b i o l o g i c a l l y  i n t e r e s t i n g ,  s i n c e  

l i f e  forms may e x i s t  i n  suspension a t  v a r i o u s  l e v e l s  o f  t h e  a t -  

mosphere and because of t h e  p o s s i b l e  e x i s t e n c e  of l o c a l i z e d ,  

h i g h l y  e l e v a t e d ,  c o o l e r  su r f ace  r e g i o n s .  

The measurements which a r e  sugges ted  f o r  missions t o  

Venus may be b r i e f l y  ca t egor i zed  a s  fo l lows :  

1) U l t r a v i o l e t ,  i n f r a r e d  and r a d i o m e t r i c  obse rva t ions  
f o r  de te rmina t ion  of a tmospheric  c o n s t i t u e n t s ,  
a tmospheric  c i r c u l a t i o n ,  and p l a n e t a r y  energy 

1 1 1  R E S E A R C H  I N S I I I U T E  
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Report Y-7 

balance.  Polar imetry may be incorpora ted  for  cloud 
l a y e r  s t u d i e s .  

Microwave radiometry t o  provide d e t a i l e d  thermal  
p r o f i l e s  and t o  e s t a b l i s h  accu ra t e  b r i g h t s i d e  and 
da rks ide  temperature  va lues .  

2) 

3) Radar measurements t o  o b t a i n  d e t a i l e d  topographica l  
i n  f orma t i o n .  

4 )  Magnetometry and charged p a r t i c l e  count ing f o r  a 
p r e c i s e  d e f i n i t i o n  o f  t h e  Venusian magnetosphere. 

5) Direct lower atmosphere and s u r f a c e  measurements 
us ing  an atmospheric e n t r y  probe. 
p r e s s u r e ,  temperature ,  dens i ty  and s u r f a c e  composi- 
t i o n  de te rmina t ions .  

Included a r e  

6 )  B io log ica l  experiments f o r  d e t e c t i o n  of bio-molecules,  
l i f e  forms, o r  evidence of l i f e  i n  t h e  p a s t .  

I I T  R E S E A R C H  I N S l l l U T E  
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Report P- 10 

" C r i t i c a l  Measurements on E a r l y  Missions t o  J u p i t e r "  

J. M. Wi t t i ng ,  M. W. P. Cann, and T .  C .  Owen 

December 1965 NASA STAR N66-15807 

E x i s t i n g  knowledge of J u p i t e r ' s  magnetosphere, ionos-  

phere ,  atmosphere,  and i n t e r i o r  i s  summarized, and c r i t i c a l  

measurements which c a n  be made from f l y b y  missions t o  J u p i t e r  

a r e  i n d i c a t e d .  

S t u d i e s  o f  r a d i o  emission have i n d i c a t e d  t h e  presence 

of a s i z a b l e  magnetic moment and r a d i a t i o n  b e l t s  of  e n e r g e t i c  

e l e c t r o n s .  E s t i m a t e s  p l a c e  J u p i t e r ' s  s u r f a c e  magnetic f i e l d  

s t r e n g t h  a t  about  10 gauss ,  and i n d i c a t e  t h e  presence  of r a d i -  

a t i o n  b e l t s ,  similar t o  t h e  E a r t h ' s  i n  c o n f i g u r a t i o n ,  bu t  w i t h  

p a r t i c l e  d e n s i t i e s  about  1000 times greater than  t h e  E a r t h ' s .  

These estimates a r e  probably c o r r e c t  t o  w i t h i n  an o r d e r  of  

magnitude. The magnetosphere ex tends  t o  a t  l e a s t  40 J u p i t e r  

r a d i i  a t  t h e  s u b s o l a r  p o i n t .  

The presence  of  an ionosphere has  been deduced theo r -  

e t i c a l l y ,  assuming a model atmosphere. P r i m a r i l y  because o f  

lower s o l a r  r a d i a t i o n  f l u x  and s m a l l  recombination cross sec- 

t i o n s ,  t h e  t h e o r i e s  p r e d i c t  lower i o n i z a t i o n  and recombinat ion 

ra tes  on J u p i t e r  t han  on Earth.  The r e s u l t i n g  c o n c e n t r a t i o n s  
3 of e l e c t r o n s  are e s t ima ted  t o  peak a t  about l o 6  e l ec t rons / cm 

a t  about  200 km above t h e  cloud t o p s .  

I l l  R E S E A R C H  I N S T l l U T E  
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Three c o n s t i t u e n t s  have been i d e n t i f i e d  i n  J u p i t e r ' s  

atmosphere by s p e c t r a l  observa t ion .  

p r e s e n t  i n  large q u a n t i t i e s  though t h e  actual  amount of hydro- 

gen is q u i t e  unce r t a in  a t  p re sen t .  

meter atmospheres) and ammonia ( 7  meter atmospheres) are small. 

Based on cosmic abundance arguments, l a r g e  amounts of hel ium 

should  a l so  be p r e s e n t ,  w i t h  smaller amounts of neon. 

Hydrogen is known t o  be 

Amounts of methane (150 

The temperature  i n  t h e  Jovian  atmosphere has  been 

measured a t  va r ious  wavelengths i n  t h e  microwave and i n f r a r e d  

r e g i o n s  of t h e  spectrum. The temperatures  ob ta ined  (2 15OOK) 

are somewhat h ighe r  than t h e  blackbody temperature  f o r  t h e  

p l a n e t  (93°K - 1 3 1 O K ) .  

t o  200°K i n  t h e  wavelength range 8w t o  3 e m ,  i n d i c a t i n g  t h a t  

t h e  observed thermal  emission a t  t h e  d i f f e r e n t  wavelengths 

comes from d i f f e r e n t  depths  i n  t h e  atmosphere.  

They f l u c t u a t e  over  a range f r o m  125°K 

Model s t u d i e s  of J u p i t e r ' s  i n t e r i o r  have i n d i c a t e d  

t h e  p o s s i b l e  presence of m e t a l l i c  hydrogen and a high d e n s i t y  

c o r e  nea r  t h e  c e n t e r  of t h e  p l ane t .  Large e r r o r s  may be pre-  

s e n t  i n  c a l c u l a t e d  d e n s i t i e s ,  because of  t h e  l a c k  of knowledge 

o f  t h e  equat ion  of s t a t e  f o r  hydrogen and helium under p r e s s u r e s  

c a l c u l a t e d  (up t o  lo7 atmospheres) , which l i e  above terrestr ia l  
measurements (up t o  2 x 10 4 atmospheres) .  

The magnetosphere,  atmosphere,  and i n t e r i o r  of 

J u p i t e r  a r e  of  pr imary s c i e n t i C i c  i n t e r e s t  a t  t h i s  t i m e .  A l -  

though p r o p e r t i e s  of t h e  magnetosphere and atmosphere can be 

measured r e l a t i v e l y  d i r e c t l y  by a s p a c e c r a f t ,  t h e  i n t e r i o r  i s  

1 1 1  R E S E A R C H  I N S T I T U T E  
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i n a c c e s s i b l e  t o  d i r e c t  measurements. Useful  g a i n s  

i n  knowledge of t h e  i n t e r i o r  a r e  p o s s i b l e ,  however, from in- 

f e r e n c e s  t h a t  can be drawn from a b e t t e r  knoaledge of  t h e  

magnetosphere and atmosphere.  Eleven measurements which are 

f e a s i b l e  now or  i n  t h e  nea r  f u t u r e  are suggested f o r  e a r l y  

miss ions  t o  J u p i t e r .  

nagnetcaphere o r  atmosphere. Parameters measured would be: 

1) magnet ic  f i e l d  s t r e n g t h  and o r i e n t a t i o n ,  2) f lux o f  40 kev 

e l e c t r o n s ,  3) f l u x  of re la t iv i s t ic  e l e c t r o n s ,  4)  f l u x  of 

e n e r g e t i c  p ro tons ,  5) atmospheric  and ionospher ic  s c a l e  h e i g h t s ,  

6 )  i onosphe r i c  e l e c t r o n  d e n s i t y  p r o f i l e s ,  7 )  emission s p e c t r a  

Most a r e  d i r e c t l y  concerned w i t h  J u p i t e r ' s  

0 

from 1000-7000 A, 8 )  H, H e ,  and N e  l i n e  s t r e n g t h s  under h igh  

r e s o l u t i o n ,  9) temperature  a t  10-13p, 10) temperature  a t  7 mm, I 

~ 

and 11) p o l a r i z a t i o n  of r e f l e c t e d  s u n l i g h t .  
I 

It 

1. 

2. 

3 .  

i s  concluded t h a t :  

A modest number of experiments  c a r r i e d  o u t  on a 
s p a c e c r a f t  f ly-by mission t o  J u p i t e r  can s i g -  
n i f i c a n t l y  add t o  p re sen t  knowledge. 

The d i s t a n c e  of  c l o s e s t  approach t o  J u p i t e r  can 
be q u i t e  la rge ,up  t o  40 RJ, fo r  s i g n i f i c a n t  
y i e l d s  f r o m  some of t h e  most important  expe r i -  
ments. For  magnetospheric s t u d i e s ,  s t e p  
f u n c t i o n s  i n  informat ion  level occur  for 
p e n e t r a t i o n  wi th in  6 RJ and w i t h i n  3 R j .  

T r a j e c t o r y  requirements  f o r  a p a r t i c u l a r l y  
d e s i r a b l e  mission are q u i t e  r easonab le ,  
r e q u i r i n g  an i d e a l  v e l o c i t y  of 54,000 f t /sec 
and a t i m e  of f l i g h t  from E a r t h  t o  J u p i t e r  
of 500 days.  

I I T  R E S E A R C H  I N S T I T U T E  

19 



Report P-11 

" S c i e n t i f i c  Ob jec t ives  of Deep Space 
S a t u r n ,  Uranus, Neptune and Pluto" 

P. J. Dickerman 

January  1966 

I n v e s t i g a t i o n s  - 

This  document r e p o r t s  a s tudy  performed by t h e  Ast ro  

Sc iences  Center  of I I T  Research I n s t i t u t e  on t h e  s c i e n t i f i c  

o b j e c t i v e s  for  t h e  fou r  outermost p l a n e t s :  Sa tu rn ,  Uranus, 

Neptune, and Plu to .  J u p i t e r ,  o f t e n  inc luded  i n  d e s c r i p t i o n s  

o f  o u t e r  p l a n e t s ,  has been t r e a t e d  independent ly  and so  i s  n o t  

d i s c u s s e d  i n  d e t a i l  a t  t h i s  time. 

The f o u r  outermost p l a n e t s ,  w i t h  t h e  p o s s i b l e  except ion  

of P l u t o ,  d i f f e r  r a d i c a l l y  i n  many r e s p e c t s  from those  nearer 

t h e  Sun. The d i f f e r e n c e s  a r e  shown i n  t h i s  r e p o r t  i n  a g e n e r a l  

survey  of t h e  s t r u c t u r e  and composition of  t h e s e  p l a n e t s  and i n  

more d e t a i l e d  d i s c u s s i o n s  of t h e  i n d i v i d u a l  bodies .  It i s  s e e n  

t h a t  models f o r  t h e  p l a n e t a r y  i n t e r i o r s  a r e  n e c e s s a r i l y  r a t h e r  

incomplete  a t  t h e  p r e s e n t  t i m e ,  wh i l e  d e s c r i p t i o n s  o f  t h e  atmos- 

pheres  have been c a r r i e d  somewhat f u r t h e r  a long ,  p r i m a r i l y  w i t h  

t h e  a i d  of spec t roscop ic  and r ad iomet r i c  obse rva t ions .  Some of 

t h e  b e t t e r  known c h a r a c t e r i s t i c s  a r e  inc luded  i n  t h e  t a b l e  a t  

t h e  end o f  t h e  summary. Much of t h e  d a t a  i s  on ly  q u a l i t a t i v e  

a t  t h i s  t i m e ,  however, so  t h a t  t h e  p o t e n t i a l  f o r  exper imenta l  

i n v e s t i g a t i o n s  us ing  space  probes i s  ve ry  g r e a t .  

In p a r t i c u l a r ,  missions t o  t h e s e  p l a n e t s  w i l l  a l low 

t h e  s p e c i e s  c o n c e n t r a t i o n  and d i s t r i b u t i o n  w i t h i n  t h e  
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atmosphere t o  be t e n t a t i v e l y  e s t a b l i s h e d .  Observat ions can 

determine t h e  ammonia conten t  of t h e  Sa tu rn  atmosphere and 

a lso y i e l d  a va lue  for t h e  hydrogen-helium r a t i o  on Uranus 

and Neptune. Such information,  a long  w i t h  temperature  measure- 

ments,  w i l l  provide f o r  an understanding of t h e  energy balance 

throughout  t h e  atmospheres and, t o  a lesser e x t e n t ,  w i t h i n  t h e  

bodies  of t h e  p l a n e t s .  The magnitude and c o n f i g u r a t i o n  of t h e  

p l a n e t a r y  magnetic f i e l d s  w i l l  a l so  r e p r e s e n t  s i g n i f i c a n t  new 

knowledge, as w i l l  t h e  de te rmina t ion  of t h e  presence o r  absence 

of  i onosphe r i c  and a u r o r a l  e f f e c t s .  

Observat ions from a s p a c e c r a f t  could f u r t h e r  provide 

some understanding of t h e  b e l t s ,  s p o t s ,  zones,  and o t h e r  

f e a t u r e s  which have been observed on Saturn.  The o r i g i n  of  

t h e  nonthermal r a d i o  no i se  from t h i s  p l a n e t  might be expla ined .  

It may a l s o  be p o s s i b l e  t o  determine t h e  e x a c t  n a t u r e  of t h e  

p a r t i c l e s  i n  the  r i n g  system. 

S ince  Uranus and Neptune a r e  very  f a r  from E a r t h ,  t h e r e  

does n o t  y e t  e x i s t  much d e t a i l e d  informat ion  of  a tnosphe r i c  

f e a t u r e s  o r  c o n t e n t .  Thus many t h i n g s  would be measured for 

t h e  first t i m e .  One such important  de te rmina t ion  would be t h e  

mean molecular  weight  o f  t h e i r  atmospheres.  As f o r  P l u t o ,  so 

f e w  f a c t s  are known t h a t  j u s t  t h e  de te rmina t ion  of i t s  mass 

and diameter  would r e p r e s e n t  meaningful experiments .  

The measurements which are proposed are: 1) magnet ic  

f i e l d  measurements throughout t h e  mission and i n  t h e  r eg ion  of  

t h e  p l a n e t s ,  2)  spectrometry and polar imet ry  of t h e  p l a n e t a r y  

I l l  R E S E A R C H  I N S T I T U T E  
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atmospheres, 3)  microwave radiometry and radar probing, 

4 )  charged p a r t i c l e  detect ion i n  trapped radiat ion b e l t s ,  

5) o p t i c a l  occu l ta t ion  experiments for Saturn's r ing  system 

and atmospheric s t u d i e s ,  6)  RF occul tat ion experiments for 

atmospheric dens i ty  determinations, and 7 )  photography of cloud 

s truc ture  and, where poss ib le ,  surface  features  of the  p lanets .  
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"Ana ly t i ca l  Methods and Observa t iona l  Requirements 
f o r  I n t e r p r e t a t i o n  of As te ro id  D i s t r i b u t i o n s "  

J. Ash 

June 1966 ( i n  p u b l i c a t i o n )  
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In  t h i s  r e p o r t ,  the s i g n i f i c a n c e  of the d i s t r i b u t i o n  

of t h e  a s t e r o i d s  i s  considered.  Quest ions a r e  r a i s e d  whether 

o r d e r i n g  mechanisms e x i s t  capable  of a r r ang ing  t h e  a s t e r o i d s  

i n  some i d e n t i f i a b l e  d i s t r i b u t i o n ,  o r  whether t h e  a s t e r o i d a l  

m a t e r i a l  i s  more o r  less randomly d i s t r i b u t e d  throughout a n  

e s s e n t i a l l y  t o r o i d a l  r i n g  extending f r o m  Mars t o  J u p u t e r .  The 

conc lus ion  i s  reached t h a t  t h e  p l a n e t s ,  i n  p a r t i c u l a r  J u p i t e r ,  

exert s m a l l  p e r t u r b i n g  f o r c e s ,  which over  long p e r i o d s  of t i m e  

produce d i s t i n c t i v e  d i s t r i b u t i o n a l  f e a t u r e s .  These f e a t u r e s  

a r e  d e t e r m i n i s t i c ,  and through s u i t a b l e  i n t e r p r e t a t i o n ,  t h e  

mechanical h i s t o r y  of s o l a r  system even t s  may p o s s i b l y  be t r a c e d  

back through t i m e  and c o n t r i b u t e  t o  t h e  unders tanding  of t h e  

s o l a r  system o r i g i n s .  

f e a t u r e s  can  a lso be of va lue  f o r  t h e  p r e d i c t i o n  o f  p o s s i b l e  

hazards  t o  i n t e r p l a n e t a r y  space miss ions .  

The deeper unders tanding  o f  d i s t r i b u t i o n a l  

The purpose of t h i s  r e p o r t  i s  twofold: (1) t o  o u t l i n e  

g e n e r a l  methods o f  a n a l y s i s  for t h e  i n t e r p r e t a t i o n  of  a s t e r o i d  

o b s e r v a t i o n a l  d a t a  and t h e i r  s i g n i f i c a n c e ,  and ( 2 )  t o  recommend 

f u r t h e r  obse rva t ions  t o  ex tend  and suppor t  e x i s t i n g  hypotheses 

and t h e o r e t i c a l  approaches.  A summary l i s t  of  recommended 

o b s e r v a t i o n s ,  from space  probes and E a r t h  based,  i s  presented  

i n  t h e  fo l lowing  t a b l e .  
I I T  R E S E A R C H  I N S l l l U T E  
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Report P- 16 

"Measurements Rela ted  t o  Exobiology on Venus1' 

W. H. Riesen and D. L. Roberts  

June 1966 ( i n  p u b l i c a t i o n )  

It i s  now g e n e r a l l y  accepted t h a t  t h e  o r i g i n  of l i f e  

was a n a t u r a l ,  perhaps i n e v i t a b l e ,  s t e p  i n  t h e  e v o l u t i o n  of 

t h e  E a r t h .  The r e c e n t  progress  i n  c e l l u l a r  b io logy  and bio- 

chemis t ry  has provided a s i g n i f i c a n t ,  bu t  by no means complete,  

unders tanding  o f  t h e  evo lu t iona ry  processes  from t h e  f i r s t  s imple 

ce l l s  t o  t h e  d i v e r s e  and complex l i f e  forms a t  p r e s e n t  abundant 

on t h e  Ea r th .  The sugges t ion  of  l i f e  on p l a n e t s  o t h e r  than  t h e  

Earth,  has been a p p l i e d ,  i n  t h e  p a s t ,  a lmost  e x c l u s i v e l y  t o  

Mars and has  r e s u l t e d  i n  Mars be ing  des igna ted  a s  a n  e c o l o g i c a l  

p r e s e r v e .  However, over t h e  l a s t  few yea r s  t h e r e  has  been an 

i n c r e a s i n g  awareness t h a t  l i f e  o r  p r e - l i f e  forms may e x i s t  

e l sewhere  i n  t h e  s o l a r  system and i n  t h e  universe .  

be d e f i n e d  simply as "something t h a t  i s  capable  of  s t o r i n g  

i n f o r m a t i o n ,  r e p l i c a t i n g ,  and c o n t r o l l i n g  t h e  t r a n s f e r  of  

energy."  However t h e  r ecogn i t ion  o f  l i f e ,  i n  a l l  p o s s i b l e  

forms, i s  by no means s i m p l e  and i s  c e r t a i n l y  n o t  c o n s t i t u t e d  

by t h e  r e c o g n i t i o n  o f  complex molecules t h a t  a r e  o f t e n  

a s s o c i a t e d  w i t h  l i v i n g  forms. 

L i f e  can 

For l i f e  t o  p e r s i s t  on t h e  Ea r th  t h e r e  a r e  c e r t a i n  

fundamental  requirements  which i n c l u d e  l i q u i d  water ;  an atmos- 

phere  c o n t a i n i n g  oxygen and carbon d iox ide ;  tempera tures  

between about  0 ° C  and 80°C; p re s su res  between some 
I l l  R E S E A R C H  I N S l l l l J l E  
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1000 and 0.5 atmospheres;  sources  of food as o rgan ic  com- 

pounds or  carbon d iox ide ;  and a n  energy source  of  s u n l i g h t ,  

h e a t  o r  chemical energy. 

ment must be a v a i l a b l e  fo r  the development of  t h e  f i r s t  s i n g l e  

ce l l s  and any changes i n  t h e  environment should be slow enough 

t o  s u s t a i n  l i f e  a s  i t  inc reases  i n  complexi ty .  An examination 

of  c o n d i t i o n s  on Venus i n d i c a t e s  t h a t  l i f e  i s  p o s s i b l e  t h e r e  

a t  l eas t  i n  l o c a l i z e d  b i o t i c  zones on t h e  s u r f a c e  o r  i n  t h e  

atmosphere.  It thus  i s  p e r t i n e n t  t o  develop an ordered  sequence 

of b i o l o g i c a l  e x p l o r a t i o n  which w i l l  answer t h e  ques t ion  a s  t o  

I n  a d d i t i o n  an e a r l y  reducing  environ-  

whether l i f e  h a s ,  does or  could e x i s t  on Venus. 

The sugges ted  sequence of e x p l o r a t i o n  i s  t o  f i rs t  ade- 

q u a t e l y  d e f i n e  t h e  Venusian environment t o  determine t h e  loca-  

t i o n  o f  p o s s i b l e  b i o t i c  zones. This  phase should inc lude  a 

de t e rmina t ion  of t h e  atmospheric tempera ture  and p r e s s u r e  pro-  

f i l e ,  t h e  topographic  f e a t u r e s  o f  t h e  s u r f a c e ,  t h e  c o n s t i t u t i o n  

o f  t h e  atmosphere,  t h e  l o c a t i o n s  of l i q u i d  wa te r ,  t h e  r a d i a t i o n  

levels  a s  a func t ion  of  a l t i t u d e  and t h e  s p a t i a l  d i s t r i b u t i o n  

o f  s o l i d  o r  i c y  p a r t i c u l a t e s  i n  t h e  atmosphere.  

This  d a t a  should allow an i d e n t i f i c a t i o n  o f  p o s s i b l e  

b i o t i c  zones on Venus .  Within t h e s e  zones i t  i s  impor tan t  t o  

then  measu re  t h e  d i s t r i b u t i o n  o f  any hydrocarbons , amino a c i d s  

o r  o t h e r  complex o rgan ic  compounds us ing  gas  chromatography and 

mass spec t romet ry .  A s  a f i n a l  phase i n  t h e  b i o l o g i c a l  explora-  

t i o n ,  d i r e c t  l i f e  d e t e c t i o n  methods should be used i n  t h o s e  

zones,  i f  any,  where p a s t  o r  p r e s e n t  l i f e  seems most probable .  

I I T  R E S E A R C H  I N S I I I U T E  
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Report S-2 

" S c i e n t i f i c  Quest ions Requiring Advanced Technology: 
A s t e r o i d  Fly-Through Mission" 

J. A. Greenspan 

A p r i l  1966 

This r e p o r t  de f ines  t e c h n i c a l  areas i n  which t h e  develop- 

ment of i n s t rumen ta t ion  and i n s t r u m e n t a l  t echniques  are r e q u i r e d  

fo r  s a t i s f y i n g  t h e  s c i e n t i f i c  measurement requirements  of  an 

a s t e r o i d  f ly- through m i s s i o n .  The p a r t i c l e s  conta ined  i n  t h e  

a s t e r o i d  b e l t  w e r e  d iv ided  i n t o  f i v e  s i z e  ranges ;  namely, t h e  

sub-micron, micrometeor i te ,  sub -mi l l ime te r  t o  3 - c m ,  3 - c m  t o  l-km, 

and g r e a t e r  t han  l-km d iame te r ,  f o r  convenience i n  cons ide r ing  

t h e  s c i e n t i f i c  q u e s t i o n s  and a p p r o p r i a t e  measurement techniques .  

The s c i e n t i f i c  ques t ions  concerning t h e  s p a t i a l  d i s t r i b u t i o n ,  

s t r u c t u r e  and composition of each s i z e  c l a s s  were formulated.  

E x i s t i n g  and proposed experimental  t echniques  w e r e  then  examined 

for  each class and i n s t r u m e n t a l  a r e a s  r e q u i r i n g  t echno log ica l  

advances w e r e  de f ined .  

Only two t e c h n i c a l  a r e a s  appeared t o  be adequate ly  

covered by e x i s t i n g  in s t rumen ta t ion ,  micrometeori te  d e t e c t i o n  

and v i s u a l  obse rva t ions .  Seve ra l  o t h e r  t e c h n i c a l  a r e a s  are 

d e f i n e d  which c o u l d  be s a t i s f i e d  by modest development programs. 

Five s p e c i f i c  requirements  f o r  advanced technolo3y were de r ived  

from t h i s  s tudy :  

1. A d i r e c t  t echnique  f o r  s imul taneous ly  determining 
t h e  mass, s i z e ,  v e l o c i t y ,  p o s i t i o n  and d i r e c t i o n  
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of a s t a t i s t i c a l l y  s i g n i f i c a n t  sample o f  sub-micron 
s i z e  p a r t i c l e s  throughout t h e  a s t e r o i d  b e l t .  

2. A remote technique f o r  s imultaneously determining 
t h e  mass, s i z e ,  v e l o c i t y ,  p o s i t i o n  and d i r e c t i o n  
of  a s t a t i s t i ca l ly  s i g n i f i c a n t  sample of sub- 
m i l l i m e t e r  t o  3-cm diameter  p a r t i c l e s  throughout  
t h e  a s t e r o i d  b e l t .  The in s t rumen ta t ion  requirements  
he re  d i f f e r  markedly from those  i n  i t e m  (1). 

3. A technique f o r  c o l l e c t i n g  p a r t i c l e  samples i n  t h e  
a s t e r o i d  b e l t .  
p a r t i a l l y  i n t a c t  f o r  s t r u c t u r a l  s t u d i e s  while  t h e  
c o l l e c t i o n  of vapors may su f f i ce  f o r  composi t ional  
s t u d i e s .  
o r  r e t u r n e d  t o  Ea r th  f o r  l abora to ry  a n a l y s i s .  

The p a r t i c l e s  must be c o l l e c t e d  

Collected samples may be analyzed onboard 

4 .  A remote technique f o r  determining t h e  s t r u c t u r a l  
c h a r a c t e r i s t i c s  of  p a r t i c l e s  i n  t h e  a s t e r o i d  b e l t .  

5. A remote technique  f o r  determining t h e  composition 
of  p a r t i c l e s  i n  t h e  a s t e r o i d  b e l t .  

O f  t h e s e ,  t h e  f i r s t  t h r e e  should receive e a r l y  a t t e n t i o n .  
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Report S - 3  

Telemetry Communications Guide l i n e "  11 

M. S t e i n  

June 1966 ( i n  pub l i ca t ion )  

There i s  c l e a r  evidence t h a t  the a b i l i t y  t o  send ex- 

p l o r a t o r y  s p a c e c r a f t  f r o m  Ea r th  t o  remote p o r t i o n s  of t h e  s o l a r  

sys tem has exceeded t h e  p re sen t  c a p a b i l i t y  t o  communicate w i t h  

these v e h i c l e s  i n  a l l  b u t  a marginal  s ense .  Th i s  s i t u a t i o n  i s  

one which un fo r tuna te ly  could  become c h a r a c t e r i s t i c  o f  n e a r l y  

a l l  f u t u r e  space  miss ions ;  i t  a r i s e s  from t h e  fact  t h a t ,  once 

s e n t  on i t s  way, an outbound s p a c e c r a f t  can con t inue  onwards 

w i t h  ve ry  l i t t l e  expended energy,  wh i l e  the  r e q u i r e d  communica- 

t i o n s  power must i n c r e a s e  as the squa re  of the range.  

t h i s  reason  t h a t  c o n t i n u a l  e f f o r t  i s  being spent  towards in -  

c r e a s i n g  t h e  c a p a b i l i t i e s  of t h e  t e l eme t ry ,  t r a c k i n g  and 

command systems. 

It i s  f o r  

This r e p o r t  cons ide r s  on ly  one a s p e c t  of deep space 

communications; namely, t h e  informat ion  t r a n s f e r  c a p a b i l i t y  of 

t h e  t e l e m e t r y  system. The f i r s t  s e c t i o n  of t h i s  r e p o r t  con- 

s i d e r s  t h e  major l i m i t a t i o h s  to  a communication system. Also 

i nc luded  a r e  t h e  p r e s e n t  and p r o j e c t e d  performance c a p a b i l i t i e s  

f o r  

and 

set  

a re  

t h e  va r ious  subsystems$ such as an tennas ,  t r a n s m i t t e r s ,  

r e c e i v e r s .  Using t h e  phys ica l  c o n s t r a i n t s  a s  provided,  a 

of g e n e r a l i z e d  t e l eme t ry  communication g u i d e l i n e  curves 

provided f o r  use i n  determining t h e  maximum a t t a i n a b l e  d a t a  

I l l  R E S E A R C H  I N S l I l U l E  

32 



Report  S - 3 

ra tes  t r a n s m i t t e d  from a s p a c e c r a f t  as a f u n c t i o n  o f  t r a n s -  

m i t t e r  power and d i s t a n c e  from t h e  E a r t h .  

A s e c t i o n  on an  optimum t e l e m e t r y  t r a n s m i t t i n g  system 

i s  p resen ted  and shows how t h e  weight c o n s t r a i n t s  of  t h e  space- 

c r a f t ' s  t e l eme t ry  equipment may be opt imized w i t h  r e s p e c t  t o  

t h e  antenna s i z e  and t r a n s m i t t e r  power l e v e l .  The s p e c i f i c  

weights  as ass igned  t o  t h e  va r ious  subsystems w e r e  based on 

bo th  p r e s e n t  and p r o j e c t e d  f i g u r e s .  The s p e c i f i c  weight  f o r  

a t t i t u d e  c o n t r o l  p r o p e l l a n t  was no t  inc luded  a s  p a r t  of t h e  

a n a l y s i s ,  t h e r e f o r e  t h e  curves only  provide  a f i r s t  approxima- 

t i o n  f o r  t h e  des ign  of a s p a c e c r a f t ' s  t e l eme t ry  s y s t e m .  
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Report T-17 

"Low-Thrust T r a j e c t o r y  C a p a b i l i t i e s  f o r  Explora t ion  
of t h e  S o l a r  System" 

A.  L. F r i ed lande r  

June  1966 ( i n  pub l i ca t ion )  

This  r e p o r t  p r e s e n t s  the t r a j e c t o r y  energy requirements  

f o r  low-thrust  f l i g h t  throughout t h e  s o l a r  system, f i r s t  for  

the g e n e r a l  class of  f lyby  missions t o  p o i n t s  i n  and above t h e  

e c l i p t i c  p l ane ,  and then  f o r  f lyby ,  c a p t u r e  and o r b i t e r  missions 

t o  t h e  p l a n e t s  Mercury through P lu to .  

requi rements  are d e s c r i b e d  i n  terms of the parameter "J" 

(de f ined  as t h e  t i m e  i n t e g r a l  of t h r u s t  a c c e l e r a t i o n  squared) .  

App l i ca t ion  of  r e s u l t s  conta ined  h e r e i n  i s  mainly t o  e l ec t r i c  

p ropu l s ion  systems o p e r a t i n g  a t  a cons t an t  power l e v e l .  

The t r a j e c t o r y  energy 

Resu l t s  f o r  the g e n e r a l  f l yby  miss ions  are  p resen ted  

a s  a c c e s s i b l e  reg ions  contours  o f  J and f l i g h t  t i m e .  The 

a c c e s s i b l e  r eg ions  concept provides  a convenient  g r a p h i c a l  

means of  c h a r a c t e r i z i n g  and comparing t h e  performance c a p a b i l i t y  

of d i f f e r e n t  v e h i c l e  systems and modes of propuls ion .  

f o r  the p l a n e t a r y  miss ions  a re  p resen ted  as graphs of J vs  

f l i g h t  t i m e .  The p a y l o a d / f l i g h t  t i m e  c a p a b i l i t i e s  of t w o  con- 

c e p t u a l  n u c l e a r - e l e c t r i c  s p a c e c r a f t  des igns  are i l l u s t r a t e d  i n  

terms o f  t h e  a c c e s s i b l e  reg ions  graph and summarized f o r  each 

of t h e  p l a n e t a r y  miss ions .  

Resu l t s  
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Appl ica t ion  of electric propuls ion  sys t ems  t o  upper 

s t a g e  space v e h i c l e s  is  shown t o  o f f e r  a high performance 

p o t e n t i a l  f o r  c a r r y i n g  o u t  a long-range p l a n  of s o l a r  s y s t e m  

e x p l o r a t i o n .  This performance p o t e n t i a l  ( l a r g e  payloads and 

reduced f l i g h t  t i m e )  is p a r t i c u l a r l y  i n  evidence when t h e  

mission energy requiremznts  a r e  very  high.  

r e s u l t s  desc r ibed  i n  t h i s  r e p o r t  and previous comparisons be- 

tween b a l l i s t i c  and t h r u s t e d  f l i g h t ,  t h e  most a t t r a c t i v e  a p p l i -  

c a t i o n s  of e l e c t r i c  propuls ion a r e  i d e n t i f i e d  w i t h  s o l a r  

probes,  o u t - o f - t h e - e c l i p t i c  probes,  Neptune and P lu to  f lybys ,  

minimal cap tu re  o r b i t e r s  a t  Uranus and beyond, and low a l t i t u d e  

c i r c u l a r  o r b i t e r s  about a l l  t he  o u t e r  p l a n e t s .  

On t h e  b a s i s  o f  
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2.2  Techn ica l  Memoranda 

Technica l  Memorandum M - 8  

Cometary Study by Means o f  Space Missions" 11 

D. L. Rober t s ,  F. Narin,  and P. M. P i e r c e  

August 1965 

I n t e r c e p t  m i s s i o n s  have been s e l e c t e d  from an a n a l y s i s  

of 110 p e r i o d i c  comet p e r i h e l i a  between 1965 and t h a t  of Hal ley  

i n  1986. Cons idera t ion  has a l s o  been given t o  i n t e r c e p t i n g  

f i rs t  a p p a r i t i o n  comets. The se lec t ion  c r i t e r i a  i nc lude  pre-  

d i c t a b i l i t y  o f  t h e i r  f u t u r e  r e t u r n s ,  a b i l i t y  t o  o b t a i n  s p e c t r o -  

s c o p i c  d a t a  from E a r t h  during i n t e r c e p t ,  and space f l i g h t  

l i m i t a t i o n s  o f  launch energy ,  exper imenta l  c a p a b i l i t y  and space- 

c r a f t  c o m p a t i b i l i t y .  Cometary i n t e r c e p t s  between 1000 and 

10,000 k m  f r o m  t h e  nucleus a re  a n t i c i p a t e d .  The s c i e n t i f i c  

v a l u e  of t h e  f i v e  missions s e l e c t e d  i s  d i scussed  t o g e t h e r  w i t h  

t h e  i n f l u e n c e  of t h e  f l i g h t  parameters on t h e  s p a c e c r a f t  payloads.  
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Technica l  Memorandum M-10 

"The S a t e l l i t e s  of Mars" 

D. L. Roberts  

November 1965 

The satel l i tes  of Mars, Phobos and D i e m o s ,  a r e  d i f f i c u l t  

t o  observe  f r o m  t h e  E a r t h  because of  t h e i r  s m a l l  s i z e ,  t h e i r  

c l o s e n e s s  t o  Mars and t h e i r  f a i n t n e s s  compared t o  Mars i t s e l f .  

The l i m i t e d  d a t a  ex tends  only t o  approximate o r b i t a l  e lements  

and e s t i m a t e s  of t h e i r  s i z e  and mass. 

s e c u l a r  v a r i a t i o n  i n  t h e  o r b i t a l  e lements  of t h e  i n n e r  s a t e l l i t e ,  

Phobos, which i s  caus ing  i t s  o r b i t  t o  decay, b u t  t h e  o r b i t  of 

D i e m o s  seems compara t ive ly  s t a b l e .  

There appears  t o  be a 

The m o s t  impor tan t  in format ion  which should be ob ta ined  

on t h e  s a t e l l i t e s  i s  q u i t e  b a s i c .  Accurate o r b i t a l  e lements  

should  be determined, t h e  sizes measured, and t h e  surface char -  

a c t e r i s t i c s  observed. A second a c c u r a t e  de te rmina t ion  o f  t h e  

o r b i t a l  e l e m e n t s  a f t e r  an i n t e r v a l  o f  t w o  years  o r  more, should 

enab le  any s e c u l a r  v a r i a t i o n s  i n  t h e  elements  t o  be c a l c u l a t e d .  

It i s  probable  t h a t  on ly  space miss ions  can provide  t h e  r e q u i r e d  

d a t a .  

Without an accurate  knowledge of t h e  o r b i t s  of t h e  

s a t e l l i t e s ,  and t h e i r  p o s i t i o n s  i n  t h e i r  o r b i t s ,  it would seem 

t h a t  a d e t a i l e d  s tudy  of rendezvous miss ions  t o  Phobos or  D i e m i s  

i s  unwarranted. Rather i t  i s  suggested t h a t  o r b i t i n g  miss ions  

t o  Mars should be used t o  obta in  t h e  necessary  b a s i c  d a t a  on 

which a d e t a i l e d  s tudy  can be based. 
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Technica l  Memorandum P- 12 

"Regu la r i t i e s  i n  t h e  Solar System P e r t a i n i n g  t o  i t s  
Or ig in  and Evolut ion" 

J. Wit t ing  

January 1966 

The boundary cond i t ions  on t h e o r i e s  of  t h e  orig in  of 

t h e  s o l a r  system and i t s  evolu t ion  which arise because of  

r e g u l a r i t i e s  i n  t h e  s o l a r  system have been s t u d i e d .  

The Sun's  angu la r  momentum, though on ly  a s m a l l  f r a c t i o n  

of t h a t  of  t h e  e n t i r e  solar s y s t e m ,  i s  compared t o  t h a t  of o t h e r  

s t a r s .  No d i f f e r e n c e s  have been found between t h e  Sun's  angu la r  

momentum and t h a t  of  o t h e r  s t a r s  o f  t h e  same s p e c t r a l  class. 

Furthermore,  i n  d i r e c t  obse rva t ions  comparisons t o  nearby stars 

which have masses comparable t o  p l a n e t s ,  and m u l t i p l e - s t a r  

systems w i t h  i n t e r s t e l l a r  d i s t a n c e s  of  t h e  o r d e r  of 20 AU a r e  

common. 

q u i t e  common, and l e a d  t o  t h e  conclus ion  t h a t  t h e  e x i s t e n c e  of 

some unusual event  p o s t u l a t e d  by many of t h e  o l d e r  t h e o r i e s  f o r  

p l a n e t a r y  formation i s  unwarranted from t h e  ev idence  now a t  

hand. 

These f a c t s  sugges t  t h a t  p l a n e t a r y  systems are probably 

The i n c l i n a t i o n s  and e c c e n t r i c i t i e s  of p l a n e t s  and 

a s t e r o i d s  a r e  found  t o  be very low, a l l  i n c l i n a t i o n s  being less 

than  16",  t h e  m a j o r i t y  be ing  less than  2" and a l l  e c c e n t r i c i t i e s  

be ing  less than .25,  t h e  major i ty  being less than  .06. 
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Nineteen of t h e  th i r ty -one  known p l a n e t a r y  satel l i tes  

have ex t remely  l o w  i n c l i n a t i o n  ( <2" ) .  These a l s o  have l o w  

e c c e n t r i c i t i e s  ( < 11). I f  s a t e l l i t e  and p l a n e t a r y  systems 

are formed by s i m i l a r  p rocesses ,  t h e  importance of l o w  p l a n e t a r y  

i n c l i n a t i o n s  and e c c e n t r i c i t i e s  i s  enhanced. A t h e o r e t i c a l  

s t u d y  i n d i c a t e s  t h a t  the i n c l i n a t i o n  and e c c e n t r i c i t y  o f  an  

o r b i t  i s  probably f a i r l y  s t a b l e  a g a i n s t  g r a v i t a t i o n a l  pe r tu rba -  

t i o n s  and mass-changes over a t i m e  scale  of t h e  o r d e r  of t h e  

age of t h e  so la r  system. It i s  concluded, t h e r e f o r e ,  t h a t  t h e  

r e g u l a r i t y  of l o w  p l a n e t a r y  and a s t e r o i d a l  i n c l i n a t i o n s  and 

e c c e n t r i c i t i e s  i s  a boundary c o n d i t i o n  f o r  a t heo ry  of solar 

system o r i g i n ,  u n l e s s  p e r t u r b a t i o n s  o f  a type  n o t  cons ide red  

h e r e  act  t o  r e g u l a r i z e  i n c l i n a t i o n s  and e c c e n t r i c i t i e s .  

The Ti t ius-Bode "law" i n d i c a t e s  some r e g u l a r i t y  between 

p l a n e t a r y  semi-major axes .  "Titius-Bode l a w "  f o r  s a t e l l i t e s  

o f  p l a n e t s  shows less r e g u l a r i t y .  The Titius-Bode l a w  i s ,  

t h e r e f o r e ,  a weak boundary cond i t ion  on theories of t h e  o r i g i n  

and e v o l u t i o n  of t h e  solar system. 

P l a n e t a r y  long i tude  of  ascending  node and long i tude  of 

p e r i h e l i o n  show no r e g u l a r i t y ,  I t  13 shown t h a t  g r a v i t a t i o n a l  

p e r t u r b a t j o n  would modify any p o s s i b l e  order i n  a random f a s h i o n  

over  five b i l l i o n  y e a r s .  Therefore ,  l i t t l e  o r  no i n fo rma t ion  

about  t h e  o r i g i n  of t h e  s o l a r  system is  preserved i n  the  long i -  

t udes  of ascending  node o r  p e r i h e l i o n  of t he  planets. 

Most p l a n e t s  have r e l a t i v e l y  l o w  ( <30°) i n c l i n a t i o n s  

between t h e i r  e q u a t o r i a l  plane and t h e i r  o r b i t a l  p lane  (Venus 
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and Uranus are g l a r i n g  excep t ions ) .  This  i s  a r e g u l a r i t y ,  b u t  

n o t  a s t r o n g  one. 

i n  t h e  solar  system ( t h e  a s t e r o i d s ,  and a l l  p l a n e t s  from E a r t h  

t o  Neptune) rotate  on t h e i r  axes  w i t h  r o t a t i o n a l  p e r i o d s  which 

are remarkably s imilar ,  vary ing  from o b j e c t  t o  o b j e c t  by no 

more than  a factor of five- T h i s  s i m i l a r i t y  i n  retatinn periods 

i s  cons ide red  a boundary c o n d i t i o n  e i t h e r  for  a theory  of t h e  

o r i g i n  o f  t h e  solar system o r  of i t s  e v o l u t i o n .  

On the o t h e r  hand, c e n t r a l l y  located objects 

Gross p h y s i c a l  p r o p e r t i e s  o f  t h e  p l a n e t s ,  such as mass, 

d e n s i t y ,  a tmospheric  mean molecular weight ,  and composition 

have been compared. It is shown t h a t  t h e  t e r res t r ia l  p l a n e t s ,  

Mercury through Mars, have similar p r o p e r t i e s ,  as do t h e  J o v i a n  

p l a n e t s ,  J u p i t e r  through Neptune. On t h e  o t h e r  hand, t h e r e  is 

a great d i f f e r e n c e  i n  t h e  g ross  phys i ca l  p r o p e r t i e s  of a ter- 

res t r ia l  p l a n e t  and a Jov ian  p l a n e t .  It i s  shown t h a t  t h e  

s i m i l a r i t y  i n  t h e  g r o s s  phys ica l  p r o p e r t i e s  of members of a 

p l a n e t a r y  group,  and t h e  d i f f e r e n c e  between t h e  groups ,  might 

depend on ly  on whether or not a p l a n e t  can r e t a i n  hydrogen and 

hel ium over  t h e  l i f e t i m e  of t h e  s o l a r  system. Each J o v i a n  

p l a n e t  can r e t a i n  hydrogen and helium; no terrestrial  p l a n e t  

c a n ,  This implies t h a t  t h e  r e g u l a r i t y  i n  t h e  gross p h y s i c a l  

p r o p e r t l e s  of t h e  p l a n e t s  might have come about  i n  an evolu-  

t i o n a r y  f a sh ion  a f t e r  t h e  origin of t h e  s o l a r  system. The 

r e g u l a r i t y  i s ,  t h e r e f o r e ,  shown t o  be a boundary c o n d i t i o n  on 

theories of t h e  e v o l u t i o n  of t h e  s o l a r  s y s t e m ,  but no t  of i t s  

o r i g i n  

R E S E A R C H  I N S T I T U T E  

40 



TM P-12 

F i n a l l y ,  i t  i s  shown t h a t  a conspicuous lack of mass 

i n  t h e  s o l a r  system is present  between about 1.3 and 4.0 AU. 

The e x i s t e n c e  of t h i s  "mass gap" i s  ano the r  boundary c o n d i t i o n  

for t h e o r i e s  of t h e  origin and evo lu t ion  of t h e  solar system. 

Fur the r  s t u d i e s  a r e  planned which will cons ide r  

boundary cond i t ions  on t h e o r i e s  for t h e  o r i g i n  and e v o l u t i o n  

of t h e  s o l a r  system which a r e  n o t  regularities, such a s  d a t i n g  

and i s o t o p e  ratios,  among others,, Af t e r  a s tudy  of proposed 

t h e o r i e s ,  we expect  t o  be ab le  t o  d e f i n e  u s e f u l  new s p a c e c r a f t  

experiments c r i t i c a l  t o  t h e  question of the origin and evolu-  

t i o n  of t h e  s o l a r  system, and t-o determine t h e  re levance  of 

present l y  proposed c 1 asses  of experiment 
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Technica l  Memorandum P-13 

"Comparison C r i t e r i a  f o r  a To ta l  Lunar S c i e n t i f i c  
Exp lo ra t ion  Study " 

Astro Sc iences  Center  

February 1966 (copies not a v a i l a b l e )  

The Office of Space Science and App l i ca t ions  has been 

asked t o  p a r t i c i p a t e  i n  a review and s tudy  of t h e  NASA program 

for l u n a r  e x p l o r a t i o n .  

pared  as a quick  response t o  a r e q u e s t  f o r  a set  of comparison 

c r i t e r i a  fo r  t h e  review and a n a l y s i s  of t h e  l u n a r  e x p l o r a t i o n  

programs. 

This t e c h n i c a l  memorandum has been pre-  

I n  t h e  comparison of missions,  most of t h e  c r i t e r i a  can 

be simply s t a t e d  bu t  t h e  d e t a i l e d  c o n s i d e r a t i o n s  and problems 

t h a t  a r i s e  i n  apply ing  a set of c r i t e r i a  a r e  not  always immedi- 

a t e l y  obvious.  

(1) a d e c i s i o n  must be made whether t o  i n c l u d e  o r  exclude ground 

suppor t  c o s t s ,  ( 2 )  t h e  a l l o c a t i o n  of payload f r a c t i o n s  and f r a c -  

t i o n a l  costs m u s t  be s t anda rd ized  f o r  t hose  miss ions  w i t h  a 

m u l t i p l i c i t y  of g o a l s ,  ( 3 )  a uniform method of  p r e d i c t i n g  costs 

m u s t  be e s t a b l i s h e d ,  and (4) a bas i c  method fo r  p r e d i c t i n g  and 

apply ing  advances i n  technology m u s t  be developed. 

Four b a s i c  a p r i o r i  g roundrules  are suggested:  

Three c a t e g o r i e s  of c r i t e r i a  are d i scussed  b r i e f l y .  The 

s c i e n t i f i c  c r i t e r i a  a r e  d iscussed  i n  t e r m s  o f  t h e i r  p r i o r i t y ,  

c lear  d e f i n i t i o n ,  complementarity and success p r o b a b i l i t y .  The 

s p a c e c r a f t  c r i t e r i a  are d iscussed  i n  t e r m s  of u n i v e r s a l  d e f i n i -  

t i o n s  of s y s t e m  and subsysterii c o n f i g u r a t i o n s .  The o p e r a t i o n a l  
I11 R E S E A R C H  I N S I I I U l E  
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c r i t e r i a  are d iscussed i n  terms of scheduling,  cost factors, 

a r e a l  coverage, t erra in  cons tra in t s ,  r e l i a b i l i t y  and the  role 

of  s a f e t y  of man. 
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Technical  Memorandum T- 16 

S e l e c t i o n  of C o m e t  Missions: 1965-1986" 

F. N a r i n ,  P. M. P ie rce ,  and D. L. Roberts 

September 1965 

The s e l e c t i o n  of  missions t o  both s h o r t  pe r iod ,  w e l l -  

known comets, and long per iod ,  f i rs t  a p p a r i t i o n  (new) comets, 

w u s  cons idered  for t h e  t i m e  per iod 1965-1986. Shor t  per iod  

comet miss ions  a r e  e a s i e r  i n  t h e  sense t h a t  one can p lan  f o r  

them i n  advance. However, only a f e w  of t h e  w e l l  known s h o r t  

per iod  comets a r e  b r i g h t  enough t o  be o f  i n t e r e s t  f o r  a mission. 

On t h e  o t h e r  hand t h e  long per iod comets a r e  more a c t i v e  and, 

on t h e  average ,  3 magnitudes b r i g h t e r  than s h o r t  p e r i o d  comets. 

P o t e n t i a l l y  t h e r e  a r e  many o p p o r t u n i t i e s  f o r  good missions to 

new comets. However, s e l e c t i o n  of new comet missions is com- 

p l i c a t e d  s i n c e  t h e r e  i s  RO p r i o r  knowledge of when t h e  probe 

can be launched, and because t h e r e  i s  no t  y e t  a s y s t e m a t i c  

comet d iscovery  program. 

I 1  

The fol lowing s e l e c t i o n  c r i t e r i a  w e r e  imposed f o r  t h e  

s h o r t  per iod  comet m i s s i o n s :  

1. 

2. 

3 .  

4 .  

5 .  

Two r e c e n t  passes  observed 

Br igh te r  than magnitude 1 2  a t  i n t e r c e p t  

Recovery two months before  launch of s p a c e c r a f t  

Recovery magnitude b r i g h t e r  than 20, w i t h  two 
hours  v i s i b i l i t y  i n  a dark sky  

Energy requirements  l e s s  than those  f o r  a two 
year  J u p i t e r  mission. 

l l i  R E S E A R C H  I N S T I I U T E  
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Of 37 comets considered w i t h  110 a p p a r i t i o n s  between 

2 /65  and 1/86,  93 were e l imina ted  on br ightness-energy  con- 

s i d e r a t i o n s ,  l e a v i n g  17 p o s s i b l e  miss ions .  O f  t h e s e  5 were 

s e l e c t e d  miss ions  and 1 2  were cons idered  t o  be of secondary 

i n t e r e s t .  The 5 s e l e c t e d  missions w e r e  Temple 2 ,  1967; Encke, 

1974; D ' A r r e s t ,  1976; K o p f f ,  1983; Hal ley ,  1986. 

To a s s e s s  t h e  f e a s i b i l i t y  of new comet miss ions  a l l  

of t h e  new comets which were d i scove red  between 1945-1960 were 

ana lyzed  t o  f i n d  which ones would have made i n t e r e s t i n g  t a r g e t s .  

Of t h e  54, new long pe r iod  comets d iscovered ,  on ly  2 would have 

made s u i t a b l e  t a r g e t s  a f t e r  d i scovery ,  u s ing  t h e  same b r i g h t n e s s  

energy c r i t e r i a  as used f o r  s h o r t  pe r iod  comets. However, i f  

a l l  of t h e  new comets w e r e  discovered a t  magnitude 15 by a 

comet s e a r c h  program, 10 missions o r  one every  1 .5  yea r s  would 

have been p o s s i b l e .  From t h i s  i t  may be concluded t h a t  missions 

t o  new, long pe r iod  comets should be p o s s i b l e  i f  a sys t ema t i c  

comet s e a r c h  program w e r e  i n i t i a t e d .  

I I T  R E S E A R C H  I N S I I I U ' I E  
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3 .  TECHNICAL NOTES 

- 3 . 1  Prospectus  1966 

Considerable  a s s i s t a n c e  has been provided t o  NASA i n  

t h e  p r e p a r a t i o n  o f  t h e  OSSA Lunar and P l a n e t a r y  Programs 

Prospec tus  f o r  1966.  

1 

Many i t e r a t i o n s  w e r e  provided on t h e  m i x  of miss ions  

which could  c o n s t i t u t e  t h e  e x p l o r a t i o n  p l a n s  f o r  t h e  next twenty 

y e a r s  and seven i n i t i a l  p l ans  were gene ra t ed  fo r  c o n s i d e r a t i o n .  

The d i f f e r e n c e s  i n  t h e  p l ans  were p r i n c i p a l l y  r e l a t e d  t o  budget 

c o n s t r a i n t s ,  which were r e f l e c t e d  i n  t h e  emphasis g iven  t o  t h e  

e x p l o r a t i o n  of t h e  nea r  p l a n e t s ,  d i s t a n t  p l a n e t s ,  comets and 

a s t e r o i d s .  I n  many cases t h e  modes of  e x p l o r a t i o n  ( f l y b y ,  

o r b i t e r ,  p robes ,  e t c . )  a r e  dependent on t h e  budget c o n s t r a i n t s  

and t h u s  may comprise t h e  a b i l i t y  of t h e  p l ans  t o  adequate ly  

f u l f i l l  t h e  s c i e n t i f i c  o b j e c t i v e s .  

8 
8 

~1 
8 
8 
I 
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The seven i n i t i a l  p lans  w e r e  reduced, by s e l e c t i o n ,  t o  

two b a s i c  e x p l o r a t i o n  p l a n s ,  t h e  one cons t r a ined  t o  a l e v e l  

budget and t h e  o t h e r  a l lowing  a 7% t o  12% budget i n c r e a s e  per 

yea r .  

The p l ans  c a l l  f o r  t h e  i n s t i t u t i o n  of t w o  new space-  

c r a f t  p r o j e c t s ,  Advanced Plane tary  Probe (APP) and Advanced 

P l a n e t a r y  Voyager. 

p r o g r e s s i o n  of  s c i e n t i f i c  missions and a t e c h n o l o g i c a l l y  f e a s i b l e  

sequence of mis s ions ,  p a r t i c u l a r l y  t o  t h e  o u t e r  reaches  o f  space .  

Con t r ibu t ions  were made i n  t h e  d e f i n i t i o n s  of  t h e  

18 Both p r o j e c t s  are e s s e n t i a l  t o  an  o r d e r l y  

s c i e n t i f i c  o b j e c t i v e s ,  t h e  communications requi rements ,  t h e  

payload weight compi l a t ions ,  t h e  g e n e r a t i o n  o f  m i s s i o n  f l i g h t  
I l l  R E S E A R C H  I N S l l l U T E  
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parameters ,  and t h e  r a t i o n a l e  f o r  mission requirements .  The 

n a t u r e  of t h e  e f f o r t  r equ i r ed  a quick response i n  t h e  s o l u t i o n  

of  a l l  problems which a r o s e  throughout t h e  formulat ion of t h e  

mission p l ans .  A s e r i e s  of mission d e f i n i t i o n s  w e r e  compiled 

and each was supported by a s e r i e s  of  mission f a c t  s h e e t s .  

The missions covered ranged from a s imple a s t e r o i d  f ly- through 

t o  a Voyager-type orbiter of Saturn.  

l l T  R E S E A R C H  I N S I I I U T E  
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3.2 Aste ro id  Movie. 

A computer gene ra t ed  movie s imula t ing  t h e  motion of 

t h e  a s t e r o i d s  was c r e a t e d  t o  dynamically s tudy  t h e  phenomena 

of  c l u s t e r i n g  w i t h i n  t h e  a s t e r o i d  b e l t .  The movie shows 1563 

a s t e r o i d s  a s  they would appear t o  an obse rve r  looking down from 

LO AU above t he  Sun, and covers t h e  years  1965 through 1979. 

Observat ion of t h e  movie c l e a r l y  shows t h e  formation and d i s -  

i n t e g r a t i o n  o f  c lus te rs  wi th in  t h e  a s t e r o i d  b e l t ;  t o  d a t e  no 

p a r t i c u l a r  p a t t e r n  has been d iscerned  f o r  t h e  c l u s t e r i n g .  

movie does g i v e  t h e  viewer a v e r y  v i v i d  comprehension of t h e  

e x t e n t  and motions of the  a s t e r o i d s  w i t h i n  t h e  a s t e r o i d  b e l t .  

The 

I l l  R E S E A R C H  I N S I I I U T E  
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3 . 3  Space Mission S l i d e  Chart  

The s l i d e  c h a r t  has  been prepared and i s  now be ing  

manufactured. 

t i m e  t o  be determined for a very wide v a r i e t y  of f lyby  f l i g h t s  

throughout  t h e  so la r  system. 

e lectr ic  low t h r u s t  f l i g h t s  are covered. The s l i d e  c h a r t  is  

pocket  size and w i l l  be ve ry  u s e f u l  f o r  p re l imina ry  mission 

p lanning .  It i s  based on t h e  a c c e s s i b l e  r eg ions  method which 

w a s  developed fo r  p r e s e n t i n g  t r a j e c t o r y  d a t a  f o r  f l y b y  i n t e r -  

p l a n e t a r y  f l i g h t s .  

It enab le s  t h e  launch energy,  payload and f l i g h t  

Both d i r e c t  b a l l i s t i c  and nuc lea r  

I l l  R E S E A R C H  I N S I I I U T E  
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3 . 4  Pre l iminary  O u t l i n e  of a Planning Methodology 

f o r  T o t a l  Lunar Explora t ion  (copies  no t  a v a i l a b l e )  

This  document is  provided i n  response  t o  a r eques t  by 

t h e  Lunar Exp lo ra t ion  Working Group a t  NASA Headquarters .  

methodology and logic i s  suggested which enab le s  t h e  b a s i c  

l u n a r  s c i e n t i f i c  q u e s t i o n s  t o  be i n t e r p r e t e d  i n  t e r m s  of an 

e x p l o r a t i o n  p l a n .  The s t a r t i n g  p o i n t  i s  t h e  expres s ion  of the  

s c i e n t i f i c  ques t ions  i n  terms of t h e  luna r  parameters  which 

must be measured and t h e  techniques a v a i l a b l e  f o r  making t he  

measurements. O f  g r e a t  importance a t  t h i s  p o i n t  i s  t h e  s p e c i -  

f i c a t i o n  of t h e  minimum number of l u n a r  s i t e s  ( a  s i t e  may em- 

brace  m o r e  t han  one f e a t u r e )  a t  which each measurement must be 

made. The techniques  and the i r  a s s o c i a t e d  s i t e  requirements  

a re  then  l i s t e d  i n  p r i o r i t y  order  i n  t e r m s  of t h e i r  a b i l i t y  

t o  c o n t r i b u t e  t o  t o t a l  l u n a r  e x p l o r a t i o n .  This  p r i o r i t y  l i s t -  

i n g  invo lves  va lue  judgments as  t o  t h e  importance of each 

s c i e n t i f i c  q u e s t i o n  and t h e  s i g n i f i c a n c e  of t h e  techniques  i n  

answering t h e  q u e s t i o n s .  

A 

The methodology now app l i ed  i s  t o  cons ide r  on ly  t h e  few 

h i g h e s t  p r i o r i t y  techniques  and t o  a s s i g n  them i n d i v i d u a l l y  t o  

t h e  most s u i t a b l e  mission concept.  Thus a m i n i m u m  number of 

b a s i c  m i s s i o n s  become e s t a b l i s h e d .  Lower p r i o r i t y  techniques  

a r e  then  a l l o c a t e d  t o  t h e  most s u i t a b l e  of t h e s e  m i s s i o n s  u n t i l  

t h e i r  c a p a b i l i t i e s  are f i l l e d ,  and only  then a r e  f u r t h e r  

miss ions  added. 

I l l  R E S C A R C H  I N S T I T U T E  
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The report  provides  examples of this methodology and 

t w o  sample miss ion  p lans  a r e  developed,  one b iased  towards 

manned exp lorat ion  and the  other  towards unmanned exp lorat ion .  
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3.5 Operat iona  1 Computer Codes 

The fo l lowing  a r e  t h e  main computer codes which have 

been added t o  t h e  A s t r o  Sciences C e n t e r ' s  program inven to ry  

d u r i n g  t h e  l a s t  year .  

3 .5 .1  The Eva lua t ion  Code 

This  code has been w r i t t e n  t o  e v a l u a t e  t h e  i n -  

r r i n s i c  s c i e n t i f i c  va lue  of var ious  l u n a r  o r  p l a n e t a r y  explora-  

t i o n  p l a n s .  

and t o  each t a rge t ,  t a k e s  i n t o  account  t o  some e x t e n t  t h e  

v a r i a t i o n  i n  va lue  o f  r epea ted  miss ions  t o  a s i n g l e  t a r g e t ,  and 

comes o u t  w i t h  a t o t a l  va lue  f o r  t h e  g iven  p l a n ,  and a l s o  a 

d i v i s i o n  of t h a t  va lue  i n t o  s p e c i f i c  s c i e n t i f i c  a r e a s .  The 

f i r s t  v e r s i o n  of t h e  program i s  be ing  t e s t e d  and w i l l  be ex- 

panded w i t h  use.  

The code a s s i g n s  a s p e c i f i c  v a l u e  t o  each  mission 

3.5.2 Topsy 

For any p o i n t  i n  a three-d imens iona l  s o l a r  

system, t h i s  code au tomat i ca l ly  determines t h e  minimum i d e a l  

v e l o c i t y  and t h e  corresponding t i m e  o f  f l i g h t  r e q u i r e d  t o  reach 

t h a t  p o i n t  from t h e  Ea r th .  The code a l s o  determines minimum 

i d e a l  v e l o c i t y  f o r  c o n s t a n t  times of f l i g h t .  

3.5.3 L i m i t s  

Using maximum v e l o c i t y  and maximum energy change 

equa t ions  f o r  g r a v i t y  a s s i s t ,  t h i s  code computes t h e s e  changes 

a s  a f u n c t i o n  of m i s s  d i s t a n c e  from t h e  d e s i r e d  g r a v i t y  a s s i s t  

body. Usage i s  a p p l i c a b l e  t o  both p l a n e t s  and p l a n e t  s a t e l l i t e s  

I l T  R E S E A R C H  I N S T I I U T E  
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A u x i l i a r y  informat ion  about  s p e c i f i e d  t r a j e c t o r i e s  i s  a l s o  

provided by t h e  code f o r  t h e  maximum energy case. 

3.5 .4  Hyptrc 

This  code i s  used t o  compute 2 - D  p l a n e t a r y  en- 

counter  t r a j e c t o r i e s  given a h e l i o c e n t r i c  t r a n s f e r  t r a j e c t o r y  

from Ear th .  The ou tpu t  d a t a  provides  a p o l a r  p l o t  of t h e  

encounter  t r a j e c t o r y  wi th  the ze ro  d i r e c t i o n  being t h e  v e l o c i t y  

v e c t o r  of t h e  p l a n e t .  The information presented  f o r  each trajec- 

t o r y  p o i n t  i nc ludes  t h e  p o l a r  coord ina te s ,  v e l o c i t y  and t h e  

t i m e  w i t h  respect t o  p e r i a p s i s .  

I I T  R E S E A R C H  I N S T I T U T E  
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4 .  

4 .1  

SPECIAL STUDIES 

Survey of  Bioclean F a c i l i t i e s  

The f u t u r e  space e x p l o r a t i o n  program w i l l  r e q u i r e  a 

s i g n i f i c a n t  number of s ter i le  s p a c e c r a f t .  

i n  t h e  product ion  of  t h e s e  s t e r i l e  s p a c e c r a f t  w i l l  be the i r  

assembly i n  b i o c l e a n  f a c i l i t i e s ,  and p r e f e r a b l y  i n  q u a l i f i e d  

e x i s t i n g  f a c i l i t i e s  r a t h e r  than  i n  s t r u c t u r e s  s p e c i f i c a l l y  con- 

s t r u c t e d  f o r  t h i s  purpose.  

IITRI conducted a survey o f  a s e l e c t e d  c r o s s  s e c t i o n  of p r e s e n t l y  

o p e r a t i n g  , contaminat ion c o n t r o l l e d  areas t o  determine t h e  

requirements  f o r  t h e i r  conversion t o  b ioc lean  rooms for t h e  

assembly , checkout,  and decontamination of sma l l  s p a c e c r a f t .  

This  f i n a l  r e p o r t  i s  i s s u e d  i n  t h r e e  volumes. 

Volume I - Guidel ines  for  Evalua t ion ,  Conduct of  

An e s s e n t i a l  phase 

Under Cont rac t  N o .  NASr-65(06), 

Survey, and C o s t  Es t imat ion  f o r  Modifi- 
c a t i o n s  

Volume I1 - Overa l l  Conclusions,  Recommendations, 
and Summaries of  I n d i v i d u a l  F a c i l i t i e s  

Volume I11 - Deta i led  R e s u l t s  and Eva lua t ions  of 
I n d i v i d u a l  F a c i l i t i e s .  

Volume I w i l l  be made a v a i l a b l e  g e n e r a l l y .  Volumes I1 

and I11 w i l l  be r e s t r i c t e d  t o  use  by NASA personnel  on ly .  
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4.2 Report R-2 

" P r o b a b i l i t y  of B io log ica l  Contamination of Mars'' 

A. Ungar, R. E .  Wheeler, and D. L. Roberts  

March 1966 

There is  a f i r m  commitment t o  NASA t o  make t h e  r i s k  of 

contaminat ing  Mars very  small  wh i l e  a t  t h e  same t i m e  t h e  s te r i l i -  

z a t i o n  l e v e l s  s u f f i c i e n t  t o  meet such a r i s k  must  a l s o  be mini- 

mized. In  t h i s  connec t ion  I I T  Research I n s t i t u t e  ( I I T R I )  has  

undertaken a s tudy  of t h e  p r o b a b i l i t y  of b i o l o g i c a l  contamina- 

t i o n  of Mars. 

Coleman* has  been c r i t i c a l l y  reviewed and an independent I I T R I  

contaminat ion model has  been genera ted .  

I n  p a r t i c u l a r ,  t h e  model proposed by Sagan and 

The Sagan and Coleman paper c o n t r i b u t e s  two i n p u t s  t o  

t h e  problems of t h e  contaminat ion of  Mars. It provides  a formu- 

l a t i o n  of t h e  p r o b a b i l i t y  o f  contamination f o r  a ser ies  of  

experiments  which con t inue  u n t i l  s a t i s f a c t o r y  answers have been 

ob ta ined  on t h e  q u e s t i o n s  o f  Martian biology.  It  a l s o  provides  

an i l l u s t r a t i v e  computation of t h e  r e q u i r e d  o v e r a l l  p r o b a b i l i t y  

o f  contaminat ion  t o  suppor t  such a series of  experiments  by i n -  

s e r t i n g  i n  t h e  equa t ion  an assumed va lue  f o r  each parameter .  

The computation i s  a s i n g l e  example and no  i n d i c a t i o n  is  given 

of how t h e  r e s u l t  would va ry  i f  d i f f e r e n t  va lues  w e r e  assumed. 

~ ~~~ ~~~ ~ 

%agan, C. and S .  Coleman 1965, Spacec ra f t  S t e r i l i z a t i o n  S tan-  
dards  and Contamination of Mars,  As t ronau t i c s  and Aeronaut ics ,  
May. 
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The IITRI model has been de r ived  from an e n t i r e l y  d i f -  

f e r e n t  approach t o  t h e  problem of contaminat ion.  A miss ion '  

p r o f i l e  has been assumed f o r  t h e  f l i g h t ,  from launch on E a r t h  t o  

i n t e r c e p t  a t  Mars. A range of p r o b a b i l i t i e s  has  been a s s igned  

t o  each  event  i n  t h e  mission and an o v e r a l l  p r o b a b i l i t y  of con- 

t amina t ion  p e r  mission has  been de r ived  p a r a m e t r i c a l l y .  

The IITRI model i s  presented  as an a l t e r n a t i v e  t o ,  no t  

a replacement fo r ,  t h e  Sagan-Coleman model i n  guid ing  t h e  dec i -  

s i o n s  which m u s t  u l t i m a t e l y  be made by NASA r ega rd ing  t h e  r i s k  

of contaminat ion of  Mars which w i l l  be accepted  and t h e  commit- 

ments which w i l l  have t o  be made i n  adher ing  t o  t h e  s p e c i f i e d  

r i s k .  

I l l  R E S E A R C H  I N S I l l U T E  

56 



t 

5. PAPERS PRESENTED AND PUBLISHED 

The fol lowing are t h e  t e c h n i c a l  papers  presented  and 

publ i shed  s i n c e  J u l y  1965 as a r e s u l t  of  work performed under 

t h e  c o n t r a c t .  

5 .1  An Analysis  o f  Gravi ty  Ass i s t ed  T r a j e c t o r i e s  t o  
S o l a r  System Targe ts  

Presented at the 3rd Aerospace Sciences Meeting 
January 24-26, 1966 J. C. Niehoff 

To be publ i shed  i n  the Journa l  o f  Spacecraf t  and Rockets.  

5 .2  SDa t i a l  D i s t r i b u t i o n  and Motion o f  t h e  Known Astero ids  

5.3 

Presented  a t  the 3 rd  Aerospace Sc iences  Meeting 
January 24-26, 1966 F. Narin 

To be publ i shed  i n  the J o u r n a l  of Spacec ra f t  and Rockets.  

Cometary Study by Means of Space Missions 

Presented  a t  the 13th I n t e r n a t i o n a l  As t rophys ica l  
Symposium 
J u l y  6 ,  1965 D. L. Roberts  

To be publ i shed  i n  t h e  proceedings o f  t h e  symposium 

and i n  t h e  Memoires de l a  Soc ie t e  Royale des Sc iences  de Liege.  

5 .5  

5.4 Low-Thrust T r a j e c t o r y  and Payload Analysis  f o r  Solar  
System Explora t ion  

Presented  a t  the AIAA Fourth Aerospace Sc iences  Meeting 
June  29, 1966 A. L. F r i ed lande r  and F. Narin 

S a t e l l i t e  Roles i n  Radio Emission from J u p i t e r  

Presented a t  the 120th  Meeting o f  t h e  American 
Astronomical Soc ie ty  
December 27-30,  1965 3. Wi t t ing  
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6 .  BIBLIOGRAPHY OF ASC/IITRI REPORTS AND TECHNICAL 
L MEMORANDA 

The fo l lowing  bibl iography of ASC/IITRI r e p o r t s  and 

t e c h n i c a l  memoranda inc ludes  a l l  those  publ ished s i n c e  t h e  

beginning of  t h e  c o n t r a c t  in  1963. 

TM c-3 

R C - 4  

TM c-5 

R C-6 

R C-7 

R M - 1  

R M-2 

R M - 3  

R M - 4  

R M-5 

R M-6 

R M - 7  

TM M-8 

R M - 9  

An Empir ical  Approach t o  Es t imat ing  Space Program 
Costs ,  by J. Beverly,  C .  Stone and R. Vickers  (copies  
n o t  a v a i l a b l e )  

Progress  on Spacec ra f t  Cost  E s t i m a t i o n  S tud ie s ,  by 
J. Beverly aid C.  Stoi-ie (copies n o t  a v a i l a b l e )  

An Analys is  of t h e  C o r r e l a t i o n  between Spacec ra f t  Per-  
formance and Cost  Complexity Fac to r ,  by W. Finnegan 
(copies  n o t  a v a i l a b l e )  

Spacec ra f t  Cost  Est imat ion,  by W. Finnegan and C.  Stone 

S p a c e c r a f t  Program Cost E s t i m t i n g  Manual, by 
W. Finnegan and C.  Stone 

J u p i t e r  Mission Study, by ASC s t a f f ,  NASA STAR 
NO. N64-20643 

Survey of a Jovian Mission (U) ,  Conf iden t i a l  (copies  
n o t  available) 

Survey of Missions t o  the As te ro ids ,  by A. F r i ed lande r  
and R. Vickers ,  NASA STAR No. N64-19566 

Summary of F l i g h t  Missions t o  J u p i t e r ,  by ASC s t a f f ,  
NASA STAR NO. N64-26597 

Missions t o  t h e  Astero ids ,  by ASC s ta f f  (copies  n o t  
a v a i l a b l e )  

A Study of I n t e r p l a n e t a r y  Space Missions,  by 
D. L. Roberts ,  NASA STAR No. N65-25003 

A Survey of  Comet Missions,  by D. L. Roberts ,  
NASA STAR NO. N65-30481 

Cometary Study by Means of Space Missions,  by F. Narin,  
P. Pierce and D. L .  Roberts (copies  n o t  a v a i l a b l e )  

Missions t o  t h e  Comets, by F. Narin,  P .  P i e r c e  and 
D. L. Roberts ,  NASA STAR No. N66-15978 
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TM M-10 

R M - 1 1  

R M-12 

R P-1 

R P-2 

R P-3 

R P-4 

R P-5 

R P-6 

R P-7 

R P-8 

R P-9 

R P-10 

R P -11  

TM P-12 

The S a t e l l i t e s  of Mars, by D. L. Roberts  (copies  n o t  
a v a i l a b l e )  

A Survey of Missions t o  Sa turn ,  Yranus, Neptune and 
P lu to ,  by F. Narin e t  a l .  

A Survey of Mul t ip le  Missions Using Gravi ty-Assis ted 
T r a j e c t o r i e s ,  by J. C.  Niehoff 

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
J u p i t e r ,  by D. L. R o b e r t s ,  NASA STAR No. N64-19567 

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
The S a t e l l i t e s  of J u p i t e r ,  by D. L.  Roberts ,  
NASA STAR NO. N64-19568 

S c i e n t i f i c  Objectives of  Deep Space I n v e s t i g a t i o n s  - 
Comets, by D. L. Roberts,  NASA STAR No. N64-19569 

S c i e n t i f i c  Objectives of Deep Space I n v e s t i g a t i o n s  - 
Aste ro ids ,  by D. L. Roberts,  NASA STAR N o .  N64-19570 

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
I n t e r p l a n e t a r y  Space Beyond 1 AU, by D. L. Roberts,  
NASA STAR NO. N64-19571 

S c i e n t i f i c  Object ives  f o r  Mercury Missions,  by 
T. Owen, NASA STAR No. N64-26599 

S c i e n t i f i c  Object ives  of  Deep Space I n v e s t i g a t i o n s  

S c i e n t i f i c  Object ives  of Deep Space I n v e s t i g a t i o n s  - 
Non-Ecl ipt ic  Regions, by D. L. Roberts  (copies  n o t  
a v a i l a b l e )  

- 
Venus, by P. J.  Dickerman 

Compendium of  Data on Some P e r i o d i c  Comets, by 
D. L. Roberts ,  NASA STAR No. N64-28524 

C r i t i c a l  Measurements on Ea r ly  Missions t o  J u p i t e r ,  
by J. Wit t ing ,  M. W. P. Cann, and T. Owen, 
NASA STAR NO. N66-15807 

S c i e n t i f i c  Objec t ives  of  Deep Space I n v e s t i g a t i o n s  - 
Saturn ,  Uranus, Neptune and P lu to ,  by P .  J. Dickerman, 
NASA STAR NO. N66-17090 

R e g u l a r i t i e s  in  the  S o l a r  System P e r t a i n i n g  t o  i t s  
Origin and Evolut ion,  by J. Wit t ing  (copies  n o t  
a v a i l a b l e )  
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TM P-13 Comparison Cr i te r ia  f o r  a T o t a l  Lunar S c i e n t i f i c  
Explora t ion  Program Study, by C .  A. Stone (copies  
n o t  available) 

R P-14 A n a l y t i c a l  Methods and Observat ional  Requirements 
for I n t e r p r e t a t i o n s  of Astero id  D i s t r i b u t i o n s ,  by 
J. Ash 

R P-16 Measurements R e l a t e d  t o  Exobiology on Venus, by 
W. H. Riesen and D. L. Roberts  

TM R-1  Comparative R e l i a b i l i t y  Es t imat ion  Method f o r  
Mission Programming, by H. Lauffenburger  (copies  n o t  
a v a i l a b l e )  

R R-2 P r o b a b i l i t y  of Bio logica l  Contamination of  Mars, 
by A. Ungar, R. Wheeler and D. L. Roberts  (copies  
n o t  a v a i l a b l e )  

TM S-1  Study of  Photographic and Spec t rometr ic  Subsystems 
f o r  Voyager, by P. N. S l a t e r  and G. Johnson (copies 
n o t  a v a i l a b l e )  

R S-2 S c i e n t i f i c  Quest ions Requir ing Advanced Technology: 
As te ro id  Fly-Through Mission, by J. A. Greenspan, 
NASA STAR NO. N66-23631 

R S-3 Telemetry Communications Guidel ine,  by M. S t e i n  

R T-4R Summary of One Way B a l l i s t i c  T r a j e c t o r y  Data: E a r t h  
t o  So la r  System Targe ts ,  by F. Narin and P. P i e rce ,  
NASA STAR NO. N64-19572 

R T-5 Accuracy and C a p a b i l i t i e s  of ASC/IITRI Conic Sec t ion  
T r a j e c t o r y  System, by P. P i e r c e  and F. Narin,  
NASA STAR NO. N64-19603 

R T-6 Access ib le  Regions Method of Energy and F l i g h t  T ime  
Analys is  f o r  One-way B a l l i s t i c  I n t e r p l a n e t a r y  
Missions,  by F. Narin, NASA STAR N o .  N64-28840 

P e r i o d i c  C o m e t s :  1965-1975, by F.  Narin and P .  P i e r c e ,  
R T-7 P e r t u r b a t i o n s ,  S igh t ing  and T r a j e c t o r y  Analysis  f o r  

NASA STAR NO. N66-13398 

TM T-8 Comparison of A t l a s  Centaur  and Floxed A t l a s  Centaur 
Capab i l - i t i e s  i n  I n t e r p l a n e t a r y  Explora t ions  Using the  
AccessLble Regions Method, by F. Narin (copies  n o t  
a v a i l a b l e )  
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R T-9 

TM T-10 

R T-11  

R T-12 

R T-13 

R T-14 

TM T-15 

TM T-16 

R T-17 

S p a t i a l  Distribution of  t he  Known Astero ids ,  by 
F. Narin,  NASA STAR No. N65-30471 

Col lec ted  Launch Vehicle Curves, by F. Narin (copies  
n o t  a v a i l a b l e )  

S i g h t i n g  and Tra j ec to ry  Analys is  f o r  Per iodic  Comets: 
1975-1986, by F. Narin and B. Rejzer ,  NASA STAR 
NO. N65-28347 

Analys is  of Gravi ty  Ass is ted  T r a j e c t o r i e s  i n  t h e  
E c l i p t i c  Plane,  by J. Niehoff ,  NASA STAR No. N65-34460 

T r a j e c t o r y  and S igh t ing  Analys is  f o r  F i r s t  Appar i t ion  
Comets, by P. Pierce, NASA STAR No. N65-35845 

Low-Thrus t Tra j ec to ry  and Payload Analysis  for S o l a r  
System Explorat ion U t i l i z i n g  t h e  Access ib le  Regions 
Method, by A. Fr ied lander ,  NASA STAR No.  N66-13992 

Mission Requirements f o r  Unmanned Explora t ion  of the  
S o l a r  System, by F. Narin (copies  n o t  a v a i l a b l e )  

S e l e c t i o n  of  Comet Missions: 1965-1986, by F. Narin, 
P. P i e r c e  and D, L. Roberts (copies  n o t  a v a i l a b l e )  

Low-Thrust T ra j ec to ry  C a p a b i l i t i e s  for Explora t ion  of 
the  S o l a r  System, by A. F r i ed lande r  
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Appendix A 

REPORT DESIGNATION AND DISTRIBUTION 

D i s t r i b u t i o n  of ASC/IITRI r e p o r t s  i s  determined on t h e  

b a s i s  of range  of i n t e r e s t  or t h e  s u b j e c t  matter.  Those f e l t  

t o  be of g e n e r a l  i n t e r e s t  r e c e i v e  t h e  wides t  d i s t r i b u t i o n .  

Th i s  ca t egory  i n c l u d e s  some r e p o r t s  a s  w r i t t e n  and d i g e s t s  of 

t h e  long  or  t e c h n i c a l l y  d e t a i l e d  r e p o r t s .  Reports  g iven  wide 

d i s t r i b u t i o n  (see L i s t  A) are bound i n  r e d  for v i s u a l  i d e n t i -  

f ica  t i o n .  

Reports  f e l t  t o  be of m o r e  s p e c i a l i z e d  i n t e r e s t  i n c l u d i n g  

some mission s t u d i e s  and t r a j e c t o r y  c a l c u l a t i o n s  are  given a 

smaller d i s t r i b u t i o n  ( s e e  L i s t  B).  These r e p o r t s  can be i d e n t i -  

f i e d  by t h e  b lack  b inde r .  

Technica l  memoranda inc lude  r e s u l t s  of s p e c i a l  s t u d i e s  

i n  narrow t e c h n i c a l  areas, i n t e r i m  r e p o r t s  and o t h e r  documents 

i n v o l v i n g  ve ry  l i m i t e d  d i s t r i b u t i o n  (see L i s t  C ) .  White b inde r s  

are used t o  i d e n t i f y  t e c h n i c a l  memoranda. 
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